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The Transfer of Antibody Formation by Means of a Polymorphonuclear
Exudate

J. STERZL
Institute of Biology, Czechoslovak Academy of Science, Department of Microbiology, Praha

Received December 21, 1956

In earlier experiments in hyperimmunised animals it was demonstrated that by
freezing and thawing proteins could be extracted from the repeatedly washed cells
of a polymorphonuclear exudate, which became bound with the specific antigen.
On making an electrophoretic study of the rate of movement at different pH, it
was seen that the character of these proteins was not identical with the serum anti-
bodies. Following immunisation with a single dose of the antigen, antibodies were
demonstrated in polymorphonuclear cells for only a short period after immunisation
(Sterzl 1952, 1954). :

In the latest work the presence of developing antibodies in tissues is determined
by means of their transfer to non-immunised recipients which do not themselves
react to an antigen by antibody formation (animals irradiated by X-ray, five-day-old
rabbits — Sterzl 1955). In the present work the same method is used for carrying
out a revision of earlier results on the basis of which it was assumed that antibodies
are also formed in the cells of a polymorphonuclear exudate. ‘

Materials and Method

The polymorhonuclear exudate was prepared by filling normal and immunised rabbits with 300 — 400 ml.
physiological saline administered intraperitoneally. After 4—5 hours the exudate is drawn off and
sedimentation of the cells is carried out by centrifuging at 500 g. The cellular sediment is washed three
times in gelatinous physiological saline. During washing the number of cells is adjusted to approximately
20—30,000/ul., according to the degree of turbidity, and is then determined exactly by counting in
a Biirker chamber. In, the case of every exudate a smear is taken and a differential count made from
100 cells. Polymorphonuclear cells and typical lymphocytes are determined precisely; the other cells
of the peritoneal exudate are grouped together as macrophages, in view of the difficulty of precise differ-
entiation. After four hours’ peritoneal filling in rabbits, the cells in the exudate other than polymorpho-
nuclear cells average only 5—20 9. Adult rabbits weighing 2—3 kg. were used as donors; these were
immunised by the intravenous route with Salmonella paratyphi B inactivated by heating for one hour
at 70 °C. The number of doses and the intervals between the doses are given in the text to figures, In
experiments in which cells were isolated from non-immunised animals and mixed with the antigen in
vitro, the same antigen (S. paratyphi B) was used. The amount of spleen cells used in the experiment
and the amount of antigen added to the cells in vitro are the same as in a previous communication’
(Bterzl 1957). These data are given in greater detail in the text relating to the individual figures.

The serum used for adsorption on to the cells of the peritoneal exudate and for experiments with the
passive transfer of antibodies to young rabbits was rabbit serum obtained by immunisation with the
same strain of S. paratyphi B as that used as the antigen. The titre of the serum was 1 : 400, i. e, it was
not lower than the titre of antibodies in the serum of any of the donors from whose peritoneal
exudate cells were obtained.

Washéd cells, concentrated to the given number, weré transferred by the intraperitoneal route to
ve-day-old rabbits from which blood was collected by cardiae puncture. The collection intervals are
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shown in the various figures concerned. The exact method for determining antibodies in young rabbits
has already been described (Sterzl 1955). The agglutinations were placed in & refrigerator and the
results read off after four and six days.

Results

Transfer of Cells of Polymorphonuclear Exudate Obtained at Various Intervals
from Rabbits Immunised with One Dose of Antigen

Altogether 11 experiments were carried out in this series, transfer being made to
57 young rabbits from 11 litters. Rabbits were immunised with 1 ml. bacterial
antigen by the intravenous route and peritoneal exudate produced at various
intervals following immunisation. A different donor was used for every experiment.

32 °
8
16 L Fig. 1. Formation of antibodies following transfer to young rabbits
g by means of cells of peritoneal exudate from donor (rabbit) im-
8 ° munised with single dose of antigen (108 micro-organisms). z: days
after immunisation when peritoneal exudate was produced and cells
s § 8 obtained. Every recipient is denoted by one point.y: antibody values.
The highest antibody titres reached during the ten days following
2] o transfer are always given. Recordings were made only from animals.
8 § 3 which survived and in which all collections of blood were made.
8§ 88 8 b s |
12 3 4 5 6 7 8

The exudates were prepared in the rabbits 2, 3, 4, 5, 6, 7 and 8 days after commencing
immunisation. A survey of the results is given in fig. 1. It is seen that a positive
demonstration of antibodies was obtained by the transfer of cells of peritoneal
exudate isolated from rabbits four and five days after immunisation. The course of
antibody formation following the transfer of cells from a rabbit four days after
immunisation is shown in fig. 2. On comparing these results with results obtained
from the transfer of spleen cells (Sterzl 1955, 1957) it is seen that in the present
experiments with the transfer of cells of polymorphonuclear exudate antibody
formation is less regular and very restricted as regards time.

Transfer of Cells of Polymorphonuclear Exudate Obtained from Repeatedly
Immunised and Revaccinated Animals

In four experiments, rabbits which had been repeatedly immunised a number
of times were used as donors. Transfer was made to 32 young rabbits. Fig. 3 gives
an example of a transfer of cells from a revaccinated animal; fig. 4 shows the result
of a transfer of cells from a repeatedly and intensively immunised donor. The doses
are given in the appended text. As compared with immunisation with a single dose,
a marked increase in the intensity of antibody formation in the recipients was
observed, which was also of longer duration and more standard in character. The
intensive and uniform formation.of antibodies following the transfer of cells from
a repeatedly and intensively immunised donor is particularly striking. As compared
with the cell counts in the peritoneal exudate of animals immunised once and
several times, it is seen that the intensive antibody formation observed in these
last experiments cannot be explained by different percentual proportion of the
various types of cells in the peritoneal exudate.
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Fig. 2. . Fig. 3.
Fig. 2. Normal rabbit immunised with 1 ml. (108micro-organisms) four days before formation of perito-
neal exudate from 400 ml. physiological saline. Exudate drawn off after five hours by puncture and
centrifuged. Exudate fluid, freed from cells, lyophilized (120 ml.) and dissolved in 6 ml. Agglutination
titre-of concentrated exudate fluid 1 : 16, rabbit serum 1:64. Célls washed and injected intraperitoneally
in young rabbits in amounts of 1 ml. (228 x 10° cells). Extraction of cells carried out by freezing and
thawing; agglutination reaction of extract negative. Cell count: polymorphonuclears 82, lymphocytes 17,
’ macrophages 1. x: age of rabbits in days, y: titre of antibodies.

Fig. 3. Rabbits Nos. 801, 802, 803, 804, born 7. 12, 1954 and injected on fifth day of life with nucleo-
protein fractions. Revaccinated on 12. 4. 1955 with 1 ml Salmonella paratyphi B, intravenously (107 micro-
organisms), on 9. 5. 1955 with 1 ml. (2 x 10° micro-organisms). On 10. 5. 1955 filling of rabbits with
physiological saline carried out; after washing, cells injected in amounts of 2 ml. (40 x 10% micro-organ-
isms) in young rabbitg. Cell count in exudates: ‘

Rabbit No. 801: polymorphonuclears 98, lymphocytes 6, macrophages 6,

No. 802: polymorphonuclears 91, lymphocytes 9, macrophages 0,

No. 803: polymorphonuclears 90, lymphocytes 8, macrophages 2,

No. 804: polymorphonuclears 82, lymphocytes 8, macrophages 10.
Young rabbits Nos. 201 and 202 injected with 1 ml. leucocytes from donor No. 801 — full lines.
Young rabbits Nos. 203 and 204 injected with leucycytes from donor No. 803 — dashed line.
Young rabbits Nos. 205 and 206 injected with leucocytes from donor No. 804 — dotted line.
Young rabbits Nos. 207 and 208 injected with leucocytes from donor No. 802 — dash and two dots.

Control without injection — two dashes and two dots. z: age of mbbits in days; y: titre of antibodies.
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Fig. 4. Fig. 5.

Fig 4. Rabbit No. 42, immunised from 30. 9. 1955 to 30. 1. 1956 three times weekly, first with seven
doses of a suspension of 108 micro-organisms/ml., then with 20 doses of 2 X 10° micro-organisms/ml.
Three days after last injection peritoneal exudate produced by a filling of 400 ml. physiological saline.
After five hours the exudate was drawn off and the cells centrifuged. The supernatant fluid (80 ml.) was
dried by lyophilization and dissolved in 5 ml. distilled water and dialyzed against physiological saline.
Agglutination in the concentrated fluid was negative, 1 ml. of a washed suspension of cells (24 X 108 cells)
injected intraperitoneally in five-day-old rabbits. Differential count: polymorphonuclears 82, lympho-
cytes 6, macrophages 12, z: age of young rabbit and time of blood collectionin days.y: titre of
antibodies in blood of young rabbits.

Fig. 5. Normal rabbit filled with 500 ml. physiological saline. Resultant exudate washed five times in
physiological saline. 228 X 10° cells/ml, After washing the cells were mixed with the antigen (1 cell of
exudate to 2 micro-organisms of S. paratyphi B. The mixture was injected intraperitoneally in young
abbits. z: age of young rabbit and time of blood collectibn in days. y: titre of antibodies in
' blood of young rabbits.
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Transfer of Cells of Polymorphonuclear Exudate of Non-immunised Animals after
Mixing with Antigen in vitro

Six experiments were carried out in this series, with transfer to 40 young animals.
These experiments were based on the experience that if cells which are capable of
changing their metabolism (e. g. spleen cells) are mixed with the antigen in vitro,
they are able to form antibodies on being transferred intraperitoneally to young
animals (Sterzl 1957). The cells of peritoneal exudate from normal animals were
therefore isolated, mixed with the antigen and transferred to young rabbits by the
intraperitoneal route. In none of these experiments was antibody formation observed
in the first period following the transfer. The recording from one group (fig. 5)
shows that antibodies cannot be demonstrated until the young animals are them-
selves able to react actively to an antigen by the formation of antibodies.

Transfer of Leucocytes from Non-immunised Animals, Incubated in vitro with
Immune Serum

An attempt was made in earlier experiments (Sterzl 1952) to ascertain whether
the transfer of antibody formation by means of cells of polymorphonuclear exudate
is true antibody formation, or whether serum antibodies are only adsorbed on to the
cells. In the present experiments, in which the transfer of cells was used to demonstrate
antibody formation, the control experiments were carried out by the same method.
A known amount of serum antibodies was adsorbed
; on to the cells of a peritoneal exudate, the cells
4 were washed three times in gelatinous physiolog-
ical saline and transferred by the intraperitoneal
route to young rabbits. In all, three such experi-
ments were carried out on 25 young rabbits. In no
case antibody was found, either in the young ani-

T T AR
5 8 w0R2K 17 21 25 30

Fig. 6. Normal rabbit filled with 450 ml.
physiological saline; exudate drawn off
after five hours. Differential count:
polymorphonuclears 86, lymphocytes
10, macrophages 4. After washing,
183 Xx 105 cells/ ml. Cells transferred
to two young rabbits — dashed lines.
Remainder centrifuged and suspended
in the same volume of immune serum
against S. paratyphi B (titre 1: 400).
Incubated with serum for 30 minutes
at 37° C and 30 r. p. m. After incu-
bation serum removed and titre of an-
tibodies again determined (no change.)
Cell sediment washed three times and
suspended in original amount of fluid.
Number of cells 176 X 105/1 ml., 1 ml.
cells injected intraperitoneally in
young rabbits. Extract made from
2 ml. suspension of leucocytes by freez-
ing and thawing; agglutination react-
ion of extract negative.

mals or in extracts of leucocytes. A detailed des-
cription of one of these experiments is given in
fig. 6. In the same way, no decrease in the titre of
antibodies (i. e. adsorption by the cells) was found
following incubation of cells together with serum
of a known titre. Negative demonstration of anti-
bodies following transfer is easily understandable
when antibodies were not found even by direct
agglutination in an extract of cells. Passive
transfer of serum of the given titre (1 : 400) was
demonstrated in the serum of young rabbits if the
injection was made with 1 ml. of concentrated
serum and serum diluted in the proportion of
1:10. On injecting serum diluted in the proportion
of 1:100, antibodies were not demonstrated sero-
logically in the blood of young rabbits. It may
therefore be assumed that if a slight amount of
antibodies remains adsorbed on to the polymorpho-
nuclear leucocytes, it will not be possible to demon-

strate these antibodies serologically in the blood of young rabbits following transfer.

There is also a possibility, however, that a serologically demonstrable amount
of antibodies, adsorbed on to the cells, may become bound, during preparation of the
extract by freezing and thawing, to- some components of the cells and lose their
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serological effectiveness. In such a case, although they might be present, it would
not be possible to demonstrate the antibodies. This eventuality was verified by
mixing a centrifuged suspension of cells (30 X 10%/ml.) obtained from rabbit exudate
with the same amount of serum of the titre given above. Extraction of the cells was
carried out by freezing and thawing immediately after mixing with the serum and
after incubating at 37 °C for 30 minutes. No change occurred in the titre of antibodies
in the serum, either after simple incubation (they were not adsorbed on to the cells)
or on mixing the cells with antibodies and disrupting them. This shows that cell
components are not bound with serum antibodies in such a way as to mask their
serological activity.

From these control experiments it is concluded that the antibody formation
ascertained in preceding experiments following the transfer of cells of a polymorpho-
nuclear exudate to young rabbits is the expression of biological activity of the cells
and does not represent a passive transfer of already formed antibodies, but is the
outcome of an active process of antibody formation by the cells.

Discussion

The literature on the question of antibody formation and its association with
different types of cells has already been reviewed in an earlier communication
(Sterzl 1954, pp. 45—>51). It was shown that a number of authors associate antibody
formation only with certain particular types of cells. More recently, especially among
Scandinavian authors (Bjorneboe, Gormsen and Lundquist 1947, Fagraeus 1948)
and in the work of Ehrich et al. (1949) some authors have come to regard plasmatic
cells as the main site of antibody formation (e. g. Coons et al. 1955, Forshter 19565).
Other experimental results, however, provide evidence that further types of cells
participate in the formation of antibodies (Girard and Murray 1954, Roberts and
Dixon 1955, Sinkovics 1955, Stoner and Hale 1955).-

Not only in theory, but also in the experimental work, very little attention is
paid to the participation of phagocytic cells in antibody formation. Any such study
is based on the assumption expressed by Ehrich, Harris and Mertens (1946) that the
participation of phagocytosing cells consists. merely in engulfing and digesting the
antigen so as to prepare the way for the actually active cells, the lymphocytes and
plasmocytes. Since it has been demonstrated, however (Walsh and Smith 1951,
Roberts 1955) that antigen digested by phagocytes decreases the antibody reaction,
it is concluded that this does not participate in antibody formation. Further proof
is to be found in experiments (Ehrich et al. 1946, Roberts 1955) demonstrating that
phagocytic cells which invade inflammation of the skin or peritoneum and are then
injected with antigen, do not form antibodies. It may be assumed that mature
phagocytic cells which invade artificially produced inflammation are not capable
of antibody formation. This is also demonstrated in our experiments in which the
cells of an exudate were isolated, mixed with antigen and administered to young
rabbits. No formation of antibodies was demonstrated in any of these experiments.
On the other hand, antibody transfer was demonstrated using the same types of
exudate cells, when the cells were collected four and five days after immunisation.
The author takes the view that these experiments confirm the assumption that the
cells of mesenchymal tissue can change their metabolism if they come into contact
with antigen, not in a mature state, but in the course of their development.

It is especially necessary to estimate whether the transfer of antibody formation
to young rabbits is mediated by the polymorphonuclear cells or whether other types
of cells contained in small amounts in the exudate are responsible. When making the
transfer, amounts of 20—30 X 108 cells are used; this is the smallest amount found
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to be satisfactory in making a transfer of very effective spleen cells. It is an amount
many times less than that used by Harris (1954), the smallest quantity used by whom
is 150 X 108 Since the transfer of antibody formation is also directly dependent on
the quantity of transferred cells, it is hardly likely that so small a percentage of
lymphocytes and macrophages would participate in the antibody reaction. In order
to form a definite conclusion, however, it would be necessary to follow up the
morphological fate of the various types of cells transferred and to ascertain whether
the proportion determined by the count in the smear does not change in the recipient
through proliferation of one type of cell.

The above results again support the assumption that antibody formation is
a metabolic change in various cells and tissues. Particular significance is attached to
the metabolic change in the course of immunisation in cells such as polymorpho-
nuclear cells, which participate directly and to a large extent in the defence processes
of the organism.

Summary

An investigation was made of the possibility of transferring antibody formation
from adult immunised rabbits by means of cells of a polymorphonuclear exudate
to five-day-old rabbits. Following a single immunisation dose of antigen (108
microorganisms of Salmonella paratyphi B), antibody formation was transferred
to young rabbits by means of the cells of a polymorphoumlear exudate only
when the cells had been obtained from the exudate four days after immunis-
ation at the earliest. Antibody formation in young animals, when produced
by the cells of a donor, immunised by a single dose, is of short duration and not
standard in character. The cells of a polymorphonuclear exudate obtained from adult
donors repeatedly immunised with several doses of antigen produce antibody
formation in young animals which is more intense, of longer duration and of a more
standard nature than that produced by the transfer of cells from donors immunised
with a single dose of antigen. The cells of a polymorphonuclear exudate obtained
from normal, non-immunised rabbits and mixed with the antigen in vitro, never
form antibodies on being transferred intraperitoneally to young rabbits. Adsorption
of antibodies on to polymorphonuclear leucocytes was not demonstrated, either by
direct serological tests or by transfer of the cells to young rabbits. It is concluded
that the cells of polymorphonuclear exudate also participate in immunity processes
in the organism, but only those cells that have come into contact with the antigen
in the course of their development, and not the mature cells of polymorphonuclear
exudate.
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ITepenecenne 06pasoBaHUA AHTUTEN KIETHKAMU
noJuMopfOHYKIeapPHOTo dKCCyAaTa

A. IITEPIJIb
Pesome

B cBoelt pa6oTe MH ONpeeNsAN, BOBMOMKHO JI¥ ¢ MOMOMBIO KJIETOK moJaMopdo-
HYKJIGAPHOTO PKCCYAATa IePeHecTH CIocoOHOCTL K 06pasoBaHMI0 aHTHTEN OT B3POC-
JHX MMMYHUBHPOBAHHHX KPOJMKOB Ha 5-THeBHHX kposbuaT. Ilociae opHopasoBoi
MMMyHHMsMpYyoOLIe#k fosu anTureHa (108 muxpobos S. paratyphi B) ymaBasnoce mepe-
I8Th KpOJbYaTaM BTy CIOCOOHOCTH KJIETKAMM MOJUMOPOHYKIEaPHOI'0 9KCCyAaTa
TOJBKO B CIydae, €CJM 9TH KJIeTKM GHJIM IOJydeHH U8 DKCCY/aTa He paHblle 4 fHei
nocie ummyHusanun. Croco6HOCTh K 00pasoBAHMIO AHTUTEJ, BHBLIBAEMAA Y MOJOTHX
HOBOTHHIX KJETKaMH [0HOpa, MMMYHHSMPOBAHHOIO OJHODPasOBOll [1080#, OKABH-
BaeTcA HeCTaHAApTHONX u ckoponpexopAmeit. Hierkm mnomumopdoryriIeapHoro
BKCCYAAaTa, MOJYYeHHOTO OT B3POCJIHX JOHOPOB, MOBTOPHO MMMYHHM3HPOBABIIMXCH
HECKONLKMMH [03aMM AHTHIEHA, BEIBHBAIOT y MOJOMHIX KMBOTHHX 0ojiee MHTeH-
cuBHOe, 6oJsiee quMTeNbHOE U GoJlee cTaHRAPTHOe 06pasoBaHNe AHTUTEN, €M TIEPEHOC
KJIETOK OT JOHOPOB, MMMYHHM3WPOBAHHHX ONHON Aosoi amturena. Haerkm momm-
MOp(OHyHKIEapHOr0 9KCCYAaTa, IIOJydYeHHbie OT HOPMAJbHBIX, He MMMYHM3HPO-
BAaHHHX KPOJMKOB M CMeLIaHHHE ¢ aHTUTeHOM in vitro, mociie mepeHoca B IOJOCTb
GpIOIIMHEL KPOJHYATAM HHM B OJHOM CJIydae He BHBHBAJIM 00pasoBaHHA aHTHTeN.
Hasmuue ajcopbunm aHnTHTeN HA NOIMMOPHOHYKIeapHEe JeHKONNTH He GHIO HaMH
JOKAa3aHO HHU IyTeM NPAMHX CepOJOTMYeCKMX TeCTOB, HM IIyTeM IepeHoca KIETOK
KpoabuaraM. VI3 OIEITOB MH fiejlaeM BaKJIIOUeHNe, 9TO U KJIETKH HOJIMMOPPOHYKIeap-
HOTO DKCCyAaTa NPUHAMAIOT y4acTHe B IlepecTpolike OpraHMaMa B HANPAaBICHUH
MMMYHWUTETa, HO 9T0 GHBAIOT TOJNBKO T KJIETKH, KOTOPHIE CTOJKHYJMCh ¢ AHTUT€HOM
B IpolLiecce CBOEro PasBUTHA, a’ He yie COPMUPOBABIINECH KJIETKU HOIMMOpPdo-
HYKJIeapHOTO BKCCYyaTa.
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Poultry are admirably adapted for immunological work. They are immunologic-
ally active, easily handled, and cheap; they have the further advantage that antigen
may readily be introduced into the embryo in order to provoke immunological toler-
ance (HaSek 1954, Billingham, Brent and Medawar 1956). Yet the sites of antibody
production in birds have not yet been definitely indentified, although the spleen
(Makinodan, Ruth and Wolfe 1954), and bursa fabricius (Glick, Chang and Jaap
1956), have been implicated. The sites in birds are likely to be similar to those in
mammals, but cannot be indentical, for structures homologous to the mammalian
lymph nodes are not present in gallinaceous birds (Drinker and Yoffey 1941).

The design of the present experiments follows the adoptive transfers of immunity
established in mammals (Billingham, Brent and Medawar 1954). The tissues selected
for investigation were the spleen and bone marrow. These tissues were taken from
actively immunized birds and transferred into secondary hosts. If cells producing
antibody were included in the tissue, they were expected to continue antibody
production in their new hosts. An appearance of antibody in the serum of the
secondary hosts would therefore indicate that the transferred tissue is a site of anti-
body production.

Methods

Adult birds were immunized in three groups, to provide donors of potentially antibody-producing
tissue, and their controls. Group 1 received intravenous injections of rabbit erythrocytes, washed three
times and suspended in saline. The equivalent of 0.5 ml. packed cells were injected on days 1, 3, 5, 7, 9,
12 and 14, and the donors were killed and the tissue taken for transfer on day 22. Group 2 received
similarly washed cells from & single cock selected at random, injected according to the same schedule.
Group 3 received cells from the same cock as group 2; injections were given on days 1, 3, 5, 7, 9, 12, 14
and 24, and the tissue was transferred on day 27.

Antibody titrations were carried out by agglutination of the antigen used for immunization, according
to the procedure of Hasek and Hraba (1955). In the agglutination of rabbit erythrocytes the end point
was taken as the last tube showing macroscopic agglutination, even though agglutination might be
detectable with the microscope in further dilutions of antibody.

Spleen tissue was prepared for transfer by weighing the organ, removing the capsule, and forcing the
contents through a metal sieve into Ringer solution buffered to pH 7.2 with phosphate. The suspension
was further broken up by forcing it rapidly in and out of a syringe, and so reducing it to small clumps
and isolated cells. This material was injected, in a quantity of approximately 200 mg. tissue suspended
in 1 ml, into the peritoneal cavity of the secondary hosts. Bone marrow was washed out of the femurs
and tibias with buffered Ringer solution, and suspended by the same method as spleen tissue. This
tissue could not be weighed with the same accuracy as spleen; approximately 100 mg. tissue was injected
into the peritoneal cavity of each host.

Young chickens were used as hosts for the transferred tissue, 15—20 days old in groups 1 and 2,
and 5—6 days old in group 3. The chickens tolerated the intraperitoneal injections well, and samples of

1) Present address of author: Zoology Department, University of Edinburgh, Scotland.

72

Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500020-3



Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500020-3

blood could readily be obtained by cardiac puncture. Young animals offer certain advantages as host for
testing the immunological activity of transferred tissue: a large number of hosts can be given adequate
quantities of tissue from & single donor; antigen transferred along with the tissue is less likely to provoke
an immune response on its own account (Sterzl 1955); the transferred tissue may survive longer, as
a consequence of delay in the homograft reaction of the host; and the natural agglutinins, which obscure
results in adult hosts (Holland 1958), may by present in lower titre in the young.

The following controls were used. Actively immunized adult controls showed the activity of non-
transferred antibody-producing tissue. Untreated chickens, of the same age as the hosts, showed the
quantities of natural agglutinins present. Samples of tissue were frozen and thawed before transfer:

Serum antibody titres in donors and hosts, after transfer of tissue from immunized donors into secondary
hosts

(1) Rabbit erythrocyte agglutination

Days after transfer

0 2 5 9 14
Actively immunized control 1024 2048 2048
Actively immunized donor 2048
Hosts receiving spleen tissue from immunized
donor 8 16 16 4
4 2 8 2
4 128 8 1
2 128 8 2
4 128 16 4
Untreated host controls (natural agglutinin) 1,2, 1,1,
2,2, 2,2,
4,4 4,4

(2) Erythrocyte iso-agglutination

Days after transfer

0 2 b 9 14
Actively immunized controls 64 64 ) 32
32 8 8
Actively immunized donor 64
Hosts receiving spleen tissue from immunized
donor 1 1 0 0
1 1 0 0
2 2 0 0
1 0 0 0
Hosts receiving frozen—thawed spleen tissue 0 0 0 0
from immunized donor 0 0 0 0
Hosts receiving spleen tissue from 0,0, 0, 0,
non-immunized donor 0,0, 0,0,
0,0, 0, 0,
0,0 0,0
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(3) Erythrocyte iso-agglutination

Days after transfer
0 2 4 11
|
Actively immunized donor 128
Hosts receiving spleen tissue from immunized 2 4 i
donor 2 2 0
2 2 0
4 4 0
2 2 0
Hosts receiving frozen — thawed spleen tissue 0, 0, 0,0, 0,0,
from immunized donor 0, 0, 0, 0, 0, 0,
0 0 ! 0
|
Hosts receiving bone marrow from immunized 0,0, 0,0, i 0, 0,
donor 0,0 0,0 ‘ 0,0
.. i
Hosts receiving frozen — thawed bone marrow i
from immunized donor 0,0 0,0 i 0,0
|

this procedure was expected to inhibit further production of antibody, so that this group showed the
quantity of completed antibody transferred along with the tissue. Hosts which received spleen tissue
from non-immunized donors showed whether injection of spleen cells alone could provoke detectable
production of iso-agglutinins; furthermore, these hosts must have received a large dose of homologous
erythrocytes, so that they also show whether antigen transferred from the iso-immunized donors could
on its own account have provoked antibody production.

Results and Discussion

The antibody titres in the donors and hosts are shown in the table. In all groups,
antibody is detectable in hosts which received spleen cells from immunized donors.
The highest titres were found after immunization with rabbit erythrocytes, but
with antigen natural agglutinins are already present even in the young hosts. Never-
theless, the levels are considerably lower in the control series. In the groups immunized
with homologous erythrocytes, the titres in the secondary hosts are low, but the
controls for the hosts are uniformly negative. Without immunization or adoptive
transfer, in fact, not a trace of iso-agglutination could be found.

The principle conclusion to be drawn from these experiments is that antibody
production can take place in the spleen of poultry. Except for the failure to transfer
adoptive immunity with bone marrow, the present investigation gives no indication
whether the spleen is the sole site of antibody production, or whether other tissues
may also be concerned. The failure with bone marrow cannot be taken as conclusive,
since smaller quantities were transferred on a weight basis, and the transplantation
properties of the tissue may differ from the spleen. The activity of the spleen, after
intravenous injection of antigen, is in accordance with findings in mammals (Coons,
Leduc and Connolly 1955; for references to earlier work, see Roberts 1954). The site
of production of antibody against antigen introduced locally into the tissues remains
something of a problem in birds, which lack regional lymph nodes.

In each group, the antibody levels in the adoptive hosts are in approximately
the same proportion to the levels in the actively immunized controls. The efficiency
of the transfer cannot, therefore, have varied much between operations.
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Tt has been argued that the temporary nature of adoptive immunity in mammals is
a consequence of the homograft reaction of the host (Billingham, Brent and Medawar
1954). The median survival time of skin grafts between chickens, of the same age
as the hosts in the present experiments, is less than 14 days (Cannon and Longmire
1952). Antibody production in the hosts, in the present experiments, declined be-
tween 5and 9 days after transfer. This timing is thus in agreement with the hypothesis
that transferred spleen tissue succumbs to the homograft reaction of the host,
in a manner quantitatively similar to grafted skin.

Summary

The subject of the present work is the ability of transplanted spleen and bone
marrow tissue to produce antibodies in poultry. The tissues were taken from immu-
nized adults and transferred by intraperitoneal injection into young chickens.
Following transfer of spleen, but not bone marrow, antibodies could be detected in
the host blood. Control experiments established that these antibodies were produced
by the transferred cells in the hosts, and not transferred passively with the tissue, or
produced by the host’s own cells.

Rabbit and also homologous erythrocytes were used as antigens. With the rabbit

antigen, higher antibody titres were obratned, but natural agglutinins were also
present.

The efficiency of the transfer did not appear to vary much between operations.
The timing of antibody production in the hosts was in agreement with the

lﬁypot.hesis, that transferred spleen tissue succumbs to the homograft reaction of the
ost.
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AnonTuBHaA nepefava oGpasoBaHU aHTHTE] IPU ITOMOIIN
TKAHU CeJle3eHKHN ¥ Kyp

H. A. MUTYNCOH

Pezrome

JoMamHAsA NTUIA XOPOUIO HOAXONUT JJIA NMMYHOJOTMYECKIX paboT: OHA UMMYHO-
JIOTMYECKY aKTUBHA, He fjopora u paborars ¢ Helo ygRoGHO. Eme opuo ee mpenmyme-
CTBO B TOM, 4TO He TPY/HO BBECTH AHTUICH U B 3aPOJBILN JJIA CO3NAHMA MMMYHOIOTH-
deckoit coBmecrumoctu (HaSek 1954, Billingham, Brent, Medawar 1956). Onnaxo
o6aactit 06pa30BaHUsA AHTHTEN Y NTHUI OKOHYATEIHHO He ompepnesnessl. OHU MOryT
OBITH CXOAHH C HTUMM CTPYKTYPaMH Y MJISKOIUTAIOMIX,, HO He TOMECTBEHHH ¢ HIMH,
TaK KaK y KYPUHHIX OTCYTCTBYIOT 00pasOBaHUA, TOMOJOIMYHHE IuMPaTHIECKHM
ysaam (Drinker u Yoffrey 1941).

Hamu onmTH GeUIM 1OCTAaBIEHH AHAJOTMYHO OIKTAM aONTHBHOL mepegavn
nMMyHUTeTa y Mitekonuranomux (Billingham, Brent, Medawar 1954). Tranp ceie-
8EHEKM I KOCTHOT0 MO3Ta BHIHUMAJIACh Y MMMYHM3UPOBAHHEIX B3POCIKX KYP M BIphI-
CKUBAJIACh B 10JIOCTh OPIOMINHEL MOJIOAKIM I(BIILIATAM. ECJN B 5THX TKAHAX NMEIOTCA
KIeTKN, ofpasylomue aHTUTeNa, TO MX JEATENLHOCTh NOIKHA IPOKOJIKATHCS
¥ B HOBOM X03s1iHe. M0JI0/Ibie FKUBOTHEIE B Ka4eCTBe X085€B HCCIAeLyeMOl Ha HMMYHO-
JOTHYECKYIO aKTUBHOCTH TKAHU YNOGHH OTOMY, YTO OT OAHOIO AOHOPA TKAHb MOMKET
OnTh IepeHecena Ha GoubIIOe KOJMYECTBO XO3f€B, & KPOMe TOrO MeHee BEpPOATHO,
UTO IIepeHeCeHHHI ¢ TKAHBI0 AHTHUIeH BHI3OBeT peakunio ummyHurera (I[lrepras
1955), u mepenecenHas TKAHB MOKET BHIMKUTEH noable, 6iarogaps Gosiee MeAJeHHON
pPearnuyu X03ANHA HA FOMOTPAHCIIAHTAT, U, HAKOHEL[, eCTECTBEHHKIe ATTJIIOTHHWHEL,
MCHAAIONINEe PesyJbTaThl OIKTOB y B3pocabix penunuenTtos (Hollande 1956), y mo-
JIONLIX MOTYT NPUCYTCTBOBATh B §oJlee HMBKMX THUTPAX.

JOHOpH TKAHM NMMYyHMBUPOBATNCH KPOJMIBMMH ¥ TOMOJOTHIHEIMH 3pUTPO-
nuramMu. C KpoMIbUMU AHTUTeHAMHU GRLIIU TIOJTy4eHH §0JIee BHICOKME TUTPH QHTUTEJI,
HO B Telle X0BAEB HAXOAWINCH €CTECTBEHHEIE ATTIIOTUTHMHE MPOTHB HUX, TOINA KaK
POTHB I'OMOJOTUYHHX 3PUTPOLMTOB ¥ HUX €CTECTBeHHEIX arrilOTHHUHOB HeT. Ilocie
HepeHoca TKAHU CeJIe3eHKN (HO He KOCTHOTO MO3ra) B KPOBM PEIUINEHTOB MOMKHO
OrI0 HaliTy QHTHUTENA (TUTP AITVIOTMHIHOB IPOTUB KPOJUYLUX DPUTPOLMTOB GEIBAJ
BHIIE, Y€M B KOHTPOJIe, TAK KAK 8eCh CYNIECTBYIOT M eCTeCTBEHHbIE IeTepOarrioTh-
HuHH). C IOMOmMBI KOHTPOJIBHEIX ONBITOB OBLIO yCTAHOBIEHO, 9TO BTH AHTATENA
06pasyloTcA MMEHHO NepeHeCeHHBIMU KJIETKAMH, & He TIPOCTO HACCHBHO IIePEHOCATC
¢ THAHBIO JIOHOPA U He 00pasyIoTCcsa COGCTBeHHHIMM KJeTKAaMH Xo03sAuHa. OQTiaesnbHue
OTBITH, KAK KaKeTCHd, He 0YeHb PASHUINCE Mexy co60ii 1o sddexTrBHOCTN IEpegadn.
Cnoco6HOCTD K 0GPaBOBAHMIO AHTHTEN YTPAYMBAJIOCH X035€BAMM MEHKAY H-HM 1 9-EIM
JHeM IIOCIIe IepeHOca. JTO OTBedaeT TUIOTE3e, YTO MepeHeceHHadA TKAHD CEJIe8eHKN
B Tejle X03AMHA IIOBEPreTCA [IelicTBIIO PeaKIiy Ha roMOTpaHcmIanTar. IasHeitmnis
BRIBOJ{ M3 JTUX OIEITOB 3AKJIIOYAETCA B TOM, 4TO 00Pa30BaHUE aHTUTEN y JOMAalIHe
ITULH IPOTEKaeT B celdeseHke. KpoMe darra, 4To ¢ THAHBIO KOCTHOTO MO3ra HE GHIIO
BO3MOKHO TIepefaTh afONTUBHHINA MMMYHHUTET, He OLIJIO MOJYYeHO HNKAKUX JAHHBIX
0 TOM, ABJAETCA JIM CeJe3eHKA eUHCTBEHHHM MeCTOM, Ifie 06pasyoTcs aHTHTeNa.
OrpunaresnbHble Pe3yJIbTATH ONBITOB ¢ KOCTHHM MO3I'OM HE MOTYT CYMTATHCA OKOHIa-
TEJbHEIMH, TAK KAK MEePEHOCHIINCH JIUIIb He0OIbIIMe KOJNMYecTBA TKAHMU, & ee TPaHC-
NIAHTAlMOHHEE CBOUCTBA MOTYT OTINYATHCA OT CBOWCTB CeJIe3eHKH.
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Descriptions of experiments attempting to produce immunological tolerance to
human cells have so far been few and far between. Burnet, Stone and Edney (1950)
attempted to evoke immunological tolerance in chick embryos which they injected
with human erythrocytes as well as with other distant antigens. The results, however,
were negative. Toolan (1955) injected rat embryos with a single injection of a homo-
genate of human tissues and then inoculated them at the age of 4—5 weeks with
a transplantable human tumour. No difference, however, was found in the suscepti-
bility of experimental and control animals. Wallace (1956) found no immunological
tolerance in rats following intra-embryonal injection of cells of a Hela tumour.

In the work described in the present communication an attempt was made to

obtain immunological tolerance to human erythrocytes in rats by means of injections

- of washed blood cells during embryogenesis and postembryogenesis. In postembryo-
genesis repeated injections were also used.

Materials and Methods

White rats bred in the author’s institute were used. A 409, and 709, suspension of thrice washed
human blood cells in physiological saline was injected; these were obtained from freshly citrated blood.
For immunisation and agglutination blood cells from preserved blood were used.

For the intra-embryonal injections pregnant rats weighing 140 — 160 g. were used. These were operated
on under ether narcosis using the technique described in a previous communication (Grozdanovié¢ 1956).
The inoculum was injected the embryos subcutaneously, with the exception of the seventh experi-
mental series, in which the last injection was made intraperitoneally.

The injections were carried out as follows: 1. Single intra-embryonal injection (series 1), 2. Single
postembryonal injection (series 2), 3. Intra-embryonsl injection supplemented by repeated postembryo-
nal injections (series 3 and 4), 4 .Repeated postembryonal injections (series 5, 6 and 7). The doses of
inoculum for the individual series are given in tab. 1. In series 1—6, group B blood cells were used, in
series 7, group A cells.

In series 1 — 6, immunisation of the experimental and control animals was commenced at the beginning
of the seventh week and in series 7 at the beginning of the ninth week after birth; in series 1, 2, 3 and 5
group B cells were used and in series 7, group A cells, i. e. from the same group as that for the injections.
In series 4 and 6 the animals were immunised with blood cells from group A, while the injections were
carried out using group B blood cells (tab. 1). Immunisation was carried out with three 1 ml. doses of a
409, suspension of washed blood cells administered intraperitoneally at intervals of two days. Blood
was collected by cardiac puncture ten days after the last dose.

The degree of immunological tolerance was ascertained by studying the titres of immune agglutinins.
Agglutination was read off after 180 minutes at room temperature by means of a preparation microscope.
In series 3— 6 agglutination was carried out both with group B erythrocytes (used for the injections) and
also with group A erythrocytes. In the second experimental series the presence of agglutinins was also
determined before immunisation.

The agglutination results were evaluated by means of the t test.
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Table 1. Experimental Scheme

Total dose ; . ;
. . Blood gro No. of mals
Series Method of antigen/animal ooc group o O aniunas ,
R and method —_——
No injection . . .
of Injec- Immu- |Agglutin- | Experi- . Control |
administration tions nisation | ation mental ontrob
! ;
1 Intraembryonal | 0.1 ml. . | |
2 days before 409, suspension B l B 1 B 7 ! i
birth subcutaneously ’ i
2 Postembryonal 0.1 ml. ! i i
3 hours after 409, suspension B ‘ B B 10 [
birth subcutaneously | i !
3 Intraembryonal | 0.1 ml. 2 days |
+ repeated before birth. '
postembryonal 1—5 days after B B B, A | 6 5
birth 1.5 ml. j
409/ suspension ‘
8. C. ‘
4 ditto ditto B A B,A | 3 5
5 Postembryonal, 1.6 ml. |
repeated 1—5 days
after birth, B B B,A | 7 6
409, suspension,
8. c.
6 ditto ditto B A B, A 7 D
7 Postembryonal, | 4 ml.
repeated 1—16 days
after birth. A A A 8 9
1—15 s. c.,
16th i. p.
709, suspension
Table 2
Animals Titres of immune agglutining
Experimental 32, 32, 16, 16, 8, 8 8
Control 64, 32, 32, 16, 16, 16, 8
P < 0.05> 0.01
Table 3
I
Animals Titres of immune agglutinins
Experimental 64, 64, 32, 32, 32, 32, 16, 16, 16, 8
Control 128, 64, 64, 32, 32, 32, 16, 16, 16, 16
P> 0.05
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Results

Series 1: From two pregnant female rats seven six-week-old rats were obtained
from a total of 12 which had been given intra-embryonal injections. Group B erythro-
cytes were used both for the injections and also for immunisation. The results are
given in tab. 2. The difference between experimental and control animals borders
on the limits of significance.

Series 2: Single postembryonal injections carried out by the method described
in tab. 1 (No. 2) did not produce tolerance. Animals in which agglutinins had not
been found prior to immunisation formed immune agglutinins following immunisa-
tion, the titres in the experimental and control animals being similar. The results
are given in tab. 3.

Series 3: The injection of group B erythrocytes during embryogenesis, supplement-
ed by postembryonal injections from the first to fifth day after birth (tab. 1, No. 3),
caused a statistically significant reduction in the formation of immune agglutinins
against blood cells of groups B and A following immunisation with group B erythro-
cytes (tab. 4).

Series 4: Similar results were obtained with a different arrangement (tab. 1, No. 4),
in which the intra-embryonal and repeated postembryonal injections were carried
out with group B erythrocytes and the animals were immunised with group A
erythrocytes. The results are given in tab. 5.

Table 4
Titres of immune agglutinins
Animals . . .
against B erythrocytes against A erythrocytes
Experimental 64, 32, - 16, 8, 2, 2| 16, 16, 4, 4, 4, 4
Control 256, 64, 64, 64, 32 128, 64, 64, 16, 8
P > 0.001 < 0.01
Table 5
Titres of immune agglutinins
Animals . .
against B erythrocytes against A erythrocytes
Experimental 32, 8, 8, 4, 2 16, 16, 8, 8, 2
Control 32, 32, 16, 16, 8 32, 32, 32, 16, 16 |
. P > 0.001 < 0.01 ]
Table 6
Titres of immune agglutinins
Animals . .
against B erythrocytes against A erythrocytes
Experimental 64, 64, 32, 32, 32, 16, 8 | 64, 32, 32, 16, 16, 16, 8
" Control 64, 64, 32, 32, 32, 16 64, 64, 32, 16, 16, 16
P> 0.05
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Table 7
Titres of immune agglutinins
Animals .
against B erythrocytes against A erythrocytes
| Experimental 64, 64, 32, 32, 32, 8 2 | 64, 64, 32, 32, 32, 16, 8
Control 64, 64, 32, 16, 8 64, 32, 32, 32, 16
P> 0.05
Table 8
Animals | Titres of immune agglutinins against erythrocytes of group A
Experimental 4, 4, 4, 4, 4, 2, 2, 2
| Control 64, 32, 32, 16, 16, 16, 16, 16, 16
‘ . P < 0.001

Series & and 6: The same amount of suspension of group B erythrocytes, when
administered only between the first and fifth days of postembryogenesis, did not
lead to a weakening of the immunity response either after immunisation with
group B erythrocytes (tab. 6) or with group A erythrocytes (tab. 7).

Series 7: On the basis of the previous findings, an extended series of postembryonal
injections was carried out, from the first to the sixteenth day of life, using a 709,
suspension of group A erythrocytes (for dosage tab. 1, No. 7). As compared with
previous experiments, the increase in the amount of antigen administered brought
about a highly significant weakening of the immunity response to group A erythro-
cytes (tab. 8). )

Discussion

As compared with previous results with induced immunological tolerance in rats
to mouse cellular antigens (Bolag 1955, Grozdanovi¢ 1956) or rabbit erythrocytes
(Puza 1956), obtained by means of single injections of cell suspensions in embryo-
genesis or early postembryogenesis, this method did not produce significant tolerance
to human blood cells. Repeated postembryonal injections of a 409, suspension of
blood cells were likewise ineffective. If, however, repeated injections were used and
the first injection was made during embryogenesis, or if a 70 9%, suspension was used
and the volume of the dose was more than doubled, a significant decrease in the
formation of immune agglutinins was obtained. At the same time it was found that the
specific specificity of the human erythrocytes played a part in the production of
tolerance, whereas the specific group differences (between groups A and B) had no
effect.

In the author’s laboratory a study has already been made of the production of
immunological tolerance to heterologous cells and it was found that the degree of
tolerance to heterologous cells was much lower than tolerance to homologous cells
(Hasek 1954, HasSek and Hraba 1955). This finding is confirmed by other authors.

The degree of immunological tolerance was further found to depend on the amount
of cells administered. In duck embryonic parabionts with hens, for example, embryo-
nal parabiosis, in which a considerable amount of blood is exchanged, leads to a sig-
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nificant decrease in the formation of immune agglutinins, but a single intra-embryonal
injection of hen blood was not found to have any influence. Parabiosis between
turkey and hen similarly leads to a very marked degree of tolerance as compared
with that produced by injection (Hraba et al. 1956, Hasek 1956).

It was also found that repeated postembryonal injections of heterologous blood
in ducks had a far greater influence on the formation of immune agglutinins than
a single intra-embryonal injection (Haskova and Pokorns 1956).

As shown by results with the induction of homologous tolerance in rats (Woodruff
and Simpson 1955) and by the previous results obtained by the author in the pro-
duction of tolerance in rats to heterologous cells (Grozdanovié¢ 1956), the adaptive
immunological stage in rats continues into early postembryogenesis. In the present
work tolerance in rats to human cells was produced on this basis. In order to obtain
a significant decrease in the immunity response, however, in the case of human blood
cells it was necessary to administer, in repeated doses, a far larger amount than in the
case of mouse cells, the influence of which could be detected after a single injection;
this is a logical outcome of the different taxonomic relationships between the donors
and recipients.

This provides an explanation for the negative results of authors who used single
injections of small amounts of human cells when attempting to produce tolerance
in rats (Toolan 1955, Wallace 1956).

References

Burnet, F. M., Stone, J. D.,, Edney, M.: The Failure of Antibody Production
in the Chick Embryo. Austr. J. Exp. Biol. Med. Sci. 28 : 291, 1950.

Bolag, W.: Heterologe Transplantation von Tumoren bei Vorbehandlung der Empfénger-
tiere mit Gewebe der Spendertiere wihrend der Embryonalzeit. Experientia 11, 6 : 227, 1956,

Grozdanovié¢, J.: Imunologické sbliZeni krys vidi my$imu Crockerovu niddoru v embryo-
genesi a postembryogenesi. Cs. biologie 5 : 300, 1956.

H ad ek, M.: Projevy vegetativniho sbliZovani v adaptaci vy$§iho Zivodicha na cizorodé anti-
geny. Cs. biologie 3 : 327, 1954,

Hagek, M., Hraba, T.: The Significance of Phylogenetic Kinship in Immunological
Approximation during Embryogenesis. Fol. biol. (Praha) 1 : 1, 1955.

H as ek, M.: The Influence of Intra-embryonal Injections of Foreign Blood on the Formation
of Antibodies. I11. Fol. biol. (Praha) 2 : 48, 1956.

Ha$kova, V., Pokorna, Z.: The Influence of Intra-embryonal and Repeated Post-
embryonal Injections on the Formation of Heteroagglutinins. Fol. biol. (Praha) 2 : 249, 1956.

Hraba, T., Hagdkova, V, Lengerova, A, Vojtiskova, M.: The Influence
of Intra-embryonal Injections of Foreign Blood on the Formation of Antibodies. I. Fol. biol.
(Praha) 2 : 43, 1956.

Puza, A.: Sledovanie reaktivity krysy po intraembryonalnom injikovani cudzodruhovych
krviniek. Cs. biologie 5: 304, 1956.

Toolan, H. W.: Attempt to Produce Tolerance in Rats to Human Tumors by Injection
of These Animals in utero with Human Tissues. Transpl. Bull. 2 : 103, 1955.

Wallace, A. C.: Attempts at Production of Actively Acquired Tolerance to Foreign
Tumours. Cancer Res. 16 : 348, 1956.

Woodruff, M. F. A,, Simpson, L. O.: Induction of Tolerance to Skin Homografts
in Rats by Injection of Cells from the Prospective Donor soon after Birth. Brit. J. Exp. Path.
36 : 5, 1955.

I'am e k, M.: IIpoaBnenns BereTaTUBHOr'0 COMMMEHNA B AAANTANMHN BHICUIMX HUBOTHBIX HA Yye-
ponusie aHturensl. Yca. Buosornsa 3 : 344, 1954,

TpospmaunoBuuy, fl.: IMvyHomornuecKoe COMMMEHNME y KPHIC 110 OTHOLICHWIO K MBIIKNHON
onmyxoau Crocker-a B smGpuorenese m nocrombpuorenese. Fol. biol. (Praha) 2 : 296, 1956.

Mysa, A.,, MoapHap, U.: Hccaenopanusas peaKTHBHOCTM KPHICHL IIOCTE BHYTPU3APOMHI-
IIEBHIX BOPHICKMBAHMN YyKEPONHBIX KpOBsHHX Texen. Fol. biol. (Praha) 2 : 300, 1956.

81

Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500020-3



Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500020-3

WNmmyHOJIOrNMUecKoe cOMMMEenne KPHIC IO OTHOIIEeH U0
K DPUTPOIUTAM YeJIOBEKa

f. TPO3JAHOBIY

Peszrome

Mu nurasuch BHISBATh Y KpPHC MMMYHOJOTMYECKOE COJIMKEHNe IO OTHOIIEHHIO
K OpPUTPOIMTAM YejoBeKa. MH NpPOMBBORUIN, BO-IEPBHX, OfHOPAB30OBHIE BIPHLICKH-
Banus 409, B3BeCH MPOMBITHX 3pUTPOIUTOB denoBeka (0,1 M mof KOKY) KpPBHICUHBIM
5MOPUOHAM U HOBOPOMJIEHHEIM KPHICATAM, & BO-BTOPHIX, IIOBTOPHbIE BIPHICKUBAHUSA,
KOTODHe IPUMEeHANNCh B 3 MOAN(UKANUAX: DU IePBOI MBI 1eJiaju CHA4aIa BHYTpH-
sapopsuessie BipsickuBanud (0,1 M), a mocae pompenus, ¢ 1-ro mo 5-wiif gens, eme
5 BoprickuBaHuit (B obmem 1,5 mur). IIpu Bropom cmocoGe MBI BBORMIN KphCATaM
TOJIBKO TOCJIe POfeHHdA, ¢ 1-ro mo 5-wit gedn, B obmem 1,6 ma B3Becw, a mpm
TperbeM, — HauuHaA ¢ 1-r0 10 16-mit menn, B 06mem 4 ma B3Becu. KoHuenTpanms
B3BecH 8pUTPONMTOB OrBasa npn 1-oit u 2-oit moguduramuu 40%,, a npu 3-eit — 709, .
B Bospacre 7—9 nepenn KuBOTHBIE UMMYHMBMPOBAJNCH 3 ykoJamu 1o 1 mu 409,
B3BECH IIPOMBITHIX DPUTPOLUTOB B I0JIOCTH OPIOMIMHEL,

Hu opropasossle, Hi HOBTOPHBIE TOCTAMOPHOHAJIbHEE BIpHCKUBaHuA 409, B3Becu
He BHBHIBAJIM UMMYHOJOTHYECKOTO COJIMMKEHUsA, M TUTPH MMMYHHHX arrIOTHHNHOB
Y ONHTHHX U KOHTPOJBHHX KUBOTHHX KoJebanch Ha oguHaKoBoM ypoBHE. Tonbko
nocJjie BHYTPU3apOALIIIeBEX BIPECKIBaHU HabmMoAatoch caaboe moHMKeHHe obpa-
30BaHNA UMMYHHHIX AITJIIOTHHWHOB, OCTaBaBlleecd HA TPaHUIE CTATUCTUYECKOMH
saaunmocru. C pyroit CTOPOHH!, MBI FOOMBAINCH BHAYUTEILHOTO OCIabaeHusa o6paso-
BaHNA HMMYHHBHIX AarTJIIOTHHMHOB C IIOMOLIBI0 IIOBTOPHEIX BIPHICKMBAHWiA, ecam
IepBOe U3 HUX, — BHYTPHU3apOAHIIEBOe, — OHBAI0 JONOJHEHO IATHIO IIOCT-
MOPHOHAJIBHEIMU, A TaKe IIPH IOBTODHHX HOCTAMOPHMOHAJBHHX yrosax 709,
B3BecH. CHIMeHMe PEaKTMBHOCTM KAcajloCh KAaK OPUTPOUMTOB IPYINH KpPoBM B,
npuMeHABIIelcA A cOamxeHnsA, Tak U apurpormroB rpymnnsl A. Takum oGpasom,
B Ipoliecce MMMYHOJIOTHYECKOTO COMMKEHNA ¢ 9PUTPOLUTAME 4YeJOBEKa MMelNa BHa-
4eHne Ipe/ie BCero UX BUOBafd CeNMPUYHOCTb, TOTRA KaK TPynnoBas crenuduy-
HOCTb He OKAsHBAaJa BIMAHUA.
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The Influence of Chlortetracycline on the Activity of « -amylase
of the Production Strain of Actinomyces aureofaciens
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Institute of Biology, Czechoslovak Academy of Science, Department of Microbiology, Praha
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In the previous work, the inhibitory influence of chlortetracycline on the a-amylase
of the fungus Aspergillus oryzae (Burger, Rokos and Prochdzka 1956) was ascertained.
A simple method for counteracting this inhibitory influence was elaborated, by means
of which the concentration of a-amylase at a given moment can be measured in
a substrate in which chlortetracycline is present.

In the present work a study was made of whether the inhibitory influence of
chlortetracycline on the activity of a-amylase also takes effect on a-amylase from
other biological sources. In the first place the investigations were directed at ascer-
taining whether inhibition of the a-amylase of the production strain of Actinomyces
aureofaciens occurs during the fermentation preparation of chlortetracycline. A study
was therefore made of the course of activity of a-amylase during cultivation of
the strain producing chlortetracycline and of the degree of inhibition of a-amylase
by the antibiotic. Further, the influence of chlortetracycline on the activity of
pancreatic a-amylase was studied.

Materials and Methods

Analytical Methods. The analytical methods were described in the previous communication (Burger,
Rokos and Prochdzka 1956). One unit of pancreatic x-amylase corresponds to the amount of enzyme
in 1 ml. solution required to dextrinate 1 g. starch in one hour. In the x-amylase of the production strain,
one unit is 1,000 times smaller, as it is related to 1 mg. dextrinated starch. The activity is related to 1ml.
of the original solution of the enzymatic preparation. In the case of Actinomyces aureofaciens this is 1 ml.
filtrate of the culture fluid and in the case of pancreatic a-amylase 1 ml. of the basic solution of the en-
zyme obtained by purification of the pancreatic extract.

Method. Pancreatic a-amylase was prepared according to the method of Meyer, Fischer and Bernfeld
(1947), to the second degree of super-purification. The incubation solutions of pancreatic a-amylase were
regulated by means of a phosphate buffer with a final concentration of 7.5x 10—M and contained
0.1 9%, NaCl. The pH of the solution was maintained at 6.5.

The cultivation conditions of the production strain of A. aureofaciens have been described in an
earlier communication (Rokos, Ridica and Prochézka 1955). The solution of the x-amylase of Actino-
myces aureofaciens was obtained by filtering off the culture. The incubation mixtures contained a phos-
phate buffer with a final concentration of 2.5 X 10—2M. In all the experiments & constant pH of 8.0 was
maintained. The amount of enzymes used in the incubation mixtures was selected in such a way that
dextrination of the starch took about 60 minutes. Otherwise the method did not differ from that
described in connection with the previous work (Burger, Rokos and Prochézka 1956).

Results
The Influence of Chlortetracycline on Pancreatic a-amylase

Chlortetracycline slows down the activity of pancreatic a-amylase in a way
similar to that in which it slows down the activity of the a-amylase of the fungus
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A. oryzae. Fig. 1 shows the course of the transmission of the iodine-starch
complex during hydrolysis of the starch by pancreatic a-amylase, in the presence
and absence of chlortetracycline. The activity of pancreatic a-amylase in the absence
of chlortetracycline was 222 units. In the presence of 1,000 ug. chlortetracycline/ml.
solution it was 60 units.

100f 1001

40

20

Il
0 30 60

0
Fig. 1. Influence of concentrations of chlortetra- Fig. 2. Influence of citrate on inhibition of pan-
cyeline on the inhibition of pancreatic a-amy- creatic «-amylase by chlortetracyecline.x: time in
lase. z: time in minutes. y: transmission 9. minutes. y: transmission 9. Final concentration
I: control, II: 600 ng., IIT: 800 pg., IV: 1,000 ©e, of Na citrate 2 . 10-2M. I: control, II: 1,000 ug.
chlortetracyecline/rl. chlortetracycline and Na citrate, III: 1,000 ug.

chlortetracycline/ml.

In the previous communication it was demonstrated that inhibition produced
by chlortetracycline can be counteracted by citrate and other anions of organic
acids. In the case of this amylolytic system it was also investigated whether citrate
would have the same effect. Fig. 2 shows that the presence of citrate, in the same
concentration as used in the previous work, abolishes the inhibitory effect of chlor-
tetracycline. The inhibitory effect of chlortetracycline on pancreatic a-amylase,
therefore, displays the same features as in the case of a-amylase from A. oryzae.

The Influence of Chlortetracycline on the Activity of a-amylase
of the Production Strain of Actinomyces aureofaciens

It is known from the work of several authors (Bois and Savary 1945, Waksman
1950) that a number of actinomycetes produce a-amylase. Simpson and McCoy (1953)
studied the production of a-amylase in five species of actinomycetes. These authors
found that the starch in the substrate was hydrolysed only by a-amylase, while
maltase was not present. The production of a-amylase was not studied, however,
in the production strain of A. aureofaciens. In this strain, the presence of a-amylase
in the substrate was also determined, but maltase was not ascertained. Our preceding
experiments showed that in this case inihibition of a-amylase by chlortetracycline
must be reckoned with. Before studying the course of the activity of a-amylase
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during cultivation of A. aureofaciens, therefore, the effect of adding chlortetracycline
to the solution was first observed, together with an investigation of whether possible
inhibition could be abolished by citric acid.

To a filtrate of fermentation fluid from a 72-hour culture, 1,000 ug. chlortetra-
cycline was added to 1 ml. final volume of substrate and the degree of inhibition was

oor
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Fig. 3. Influence of chlortetracycline on acti- Fig. 4. Course of activity of x-amylase of Actinomy-
vity of x-amylase of Actinomyces aureofaciens ces aureofactens and inhibition by chlortetracycline
and influence of citrate on inhibition of during cultivation. z: fermentation in days; activity
«-amylase of Actinomyces aureofaciens by and inhibition determined at 24-hour intervals. y,:
chlortetracycline. x: time in mins. y: trans- units of x-amylase activity, y;: inhibition of x-amy-
mission 9. Final concentration of Na ci- lase by chlortetracycline as & 9, of decrease in acti-
trate 2.102M. I: control, II: 1,000 ug. vity as compared with the control. Above: course
chlortetracycline and Na citrate, of activity of x-amylase, below: course of measure of

III: 1,000 pg. chlortetracycline/ml. inhibition of x-amylase of A. aureofaciens during

cultivation.

determined. In a parallel experiment citric acid was also added. Fig. 3 shows that
the same concentration of chlortetracycline inhibited the a-amylase of the pro-
duction strain of A. aureofaciens far less than the a-amylase of A. oryzae and pan-
creatic a-amylase. In this case, chlortetracycline reduced activity by only 269%.
The addition of citric acid also had only very little effect.

These results show that the a-amylase of a strain of A. aureofaciens producing
chlortetracycline differs basically from fungous and pancreatic a-amylase as regards
inhibition by chlortetracycline.

The course of the activity of a-amylase of the production strain of A. aureofaciens
during submerged fermentation of chlortetracycline on a reciprocal shaker is shown
in fig. 4 and tab. 1. Fig. 4 shows that the addition of 1,000 ug. chlortetracycline to
a filtrate of the culture reduced activity on an average by 25%.

Discussion

It is known (Waksman 1950) that when culturing actinomycetes on a starchy
substrate, a-amylase accumulates in the medium. Simpson and McCoy (1953) made
a detailed study of the type of the amylolytic ferments in a number of strains of
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Table 1. Course of activity of x-amylase of Actinomyces aureofaciens during fermentation, inhibition
of x-amylase by chlortetracycline and abolishment of inhibition of x-amylase by citric acid.

Production of chlortetracyecline during fermentation

Hours Production Additions
f
of o i . chlortetracycline
fermentation chlorti?ltr :;'yclme 0 (controls) chlortetracyecline o eitric };ci d
24 — 16.6 13.2 13.1
48 1,210 12.7 9.7 9.7
72 1,430 15.8 11.6 13.1
96 1,030 19.5 13.9 16.0
120 — 22.1 16.4 17.3

Final concentration of added chlortetracycline 2 . 10-3M.
Final concentration of Na citrate 2 . 10-2M. Expressed in x-amylolytic units.

actinomycetes. They found that these strains produced a typical a-amylase, but not
maltase. In the production strain of A. aureofaciens, amylase was also found alone
in the substrate, without maltase. The course of the activity of this enzyme during
fermentation of chlortetracycline is given in the experimental part of the communi-
cation.

In contrast to the study of the amylases of non-productive strains, the question
arose in connection with the productive strain of whether the chlortetracycline which
accumulates in the substrate does not influence the activity of the a-amylase. This
appeared to be probable, when considering that concentrations of chlortetracycline
from 400 ug./ml. upwards had an inhibitory effect on a-amylase from other sources,
e. g. from the fungus A.oryzae and pancreatic a-amylase. By means of the method
for abolishing inhibition (acids, dialysis) it was found that in very high concentrations
(1,400 pg./ml.) chlortetracycline had very little effect on the activity of a-amylase
of the production strain.

The a-amylase of the production strain is quite different, therefore, from the
a-amylase of the fungus A. oryzae and pancreatic a-amylase in its relationship to
chlortetracycline. This is an interesting fact, when we consider that the mechanism
of the decomposition of starch by a-amylases from various sources is fundamentally
the same (Myrbick 1951). It is known, however, that in some respects the various
a-amylases nevertheless differ (e. g. as regards optimal pH and temperature, rela-
tionship of dextrination and saccharification, affinity to varying lengths of chains in
the substrate, etc). Some properties of a-amylases are labile and depend on the
culture conditions. Campbell (1955) found that the a-amylases of thermophilic
facultative bacteria, when cultured at various temperatures, differed only in their
resistance to high temperatures. When cultured at 55° C, isolated and super-purified
a-amylase was resistant to a temperature of 90° C, but after being cultured at 30° C
(under otherwise the same conditions) the a-amylase lost this resistance. It is very
probable that in our case also the resistance of a-amylase to chlortetracycline is due
to an adaptive change in the a-amylase as a result of the influence of the chlor-
tetracycline in the medium. It will therefore be important to ascertain whether the
a-amylase of a non-productive strain will display the same characteristics in this
connection as the a-amylase of the productive strain.

It was found that in the early phase of cultivation of the production strain the
general metabolism of the strain is affected if chlortetracycline is added in a given
concentration (Boretti and Raggi 1955). At this stage chlortetracycline influences
metabolism in a number of ways. It will be of interest to determine whether, at this
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stage, manifestations of adaptation do not occur in some enzymatic systems under
the influence of chlortetracycline. Our work indicates that such an effect might
oceur in the a-amylase of the production strain. A direct reply to this question is
expected from a comparison of the influence of chlortetracycline on the a-amylase
of the productive and non-productive strains of A. aureofaciens; this will be the
subject of the further work.

The results demonstrate that in the production of chlortetracycline inactivation
of the enzymatic system responsible for the decomposition of starch does not occur
and that in this respect the prerequisite conditions are present for the complete
atilization of the carbohydrate substrate (i. e. also of starch) during fermentation.

In the course of treatment with chlortetracycline, digestive difficulties are known
to develop (McLean 1951, Kleitsch 1951, Leland et al. 1951, Miiller and Vogl 19562,
Siegel 1952). It may be assumed that these symptoms are due to the complex action
of chlortetracycline. The fact that in experiments in vitro chlortetracycline was found
to have a strong inhibitory effect on pancreatic a-amylase, which could be abolished
by citrate, will stimulate the authors to investigate in detail the question of whether
the above-mentioned symptoms are not due, at least in part, to inhibition of the
digestive enzymes in the alimentary tract and whether they cannot be abolished or
at any rate mitigated.

Summary

The inhibitory influence of chlortetracycline on the dextrination activity of
pancreatic a-amylase was demonstrated. This inhibition is reversible and can be
abolished by the anions of organic acids. On the other hand it was found that high
concentrations of chlortetracycline (1,400 ug./ml.) have very little effect on the
activity of the a-amylase of the production strain of A. aureofaciens. This a-amylase,
therefore, is quite different from the a-amylase of the fungus Aspergillus oryzae and
from pancreatic a-amylase in its relationship to chlortetracycline. A study was made
of the course of the activity of a-amylase during fermentation of chlortetracycline
by the production strain of Actinomyces aureofaciens.
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Biusnwe xiopreTpanuiiMEa HA AKTUBHOCTD o-aMUIIA3H
IIPOU3BOACTBeHHOTO mTamMMa Actinomyces aureofaciens

. POKOC, M. BYPIEP u II. IPOXA3KA

Peswome

Mu wsydann nomasamiomee jeitcrBue XJIOPTETPANMKINHA HA o-aMNJIA3y W3 I10J-
ETYOYHON 3Keleshl M HA a-aMUIasy wramma Actinomyces aureofaciens, o6pa-
3yeMylo MM Ipu riryGuHHOM KyabruBanuu. C IHOMONIBIO BEIPAGOTAHHOTO HAMI npo-
CTOT0 METOJa BOBMOKHO YCTPAHUTE €T'0 TIOf[ABIANINEe BINSHUE 1 M3MEePATh KOHIIeH-
TPAaLlio -aMUTa3El B JAHHYI0 MUHYTY HETIOCPENCTBEHHO B cyGerpare, B IPUCYTCTRUNI
XJIOPTeTPAINKINHA.

Mmt fowasanu tamme momaBasomee neficTaie XJIOPTETPALUKINHA HA JEeKCTPUHI-
PYIOmMyI0 aKTHBHOCTH IAHKPEATUYECKON o-aMUIIAa3Hl. DTO HMONABJICHUE OKAZLIBAETCH
00paTUMBIM U YCTPAHAETCA TAKKEe AHMOHAMI OpraHNYeCKUX KUCJIOT.

C Apyroit cTOpOHBI, MH yCTaHOBMIH, 4TO XJIOPTETPALUKJINH U [P 049eHb BHICOKUX
KoHLenTpanuAx (1400 y/mx) oxaskBaer Jmms HesHaumTeNbHOE NElCTBUe HA AKTID-
HOCTb o-aMWJIA3HI IIPOUBBOJICTBEHHOrO InTamMma A. aureofaciens. Tamum obpasom,
110 BINAHNIO HA Hee XJOPTETPANUKINHA BTA aMIJIA3a BECHMA OTIMYAETCH OT o-aMIl-
Ja3Hl 1IecHeBOoro rpubka Aspergillus oryzae u mommemymoumoit mermespi. Dro
06CTOATEIBCTBO TeM Golee WHTEPECHO, uTO MeTaGoamam paciieriennsa Kpaxmasa
%-aMUJIa3aMU U3 PA3JUYHEIX MCTOYHUKOB B IPUHIINIIE OJMHAKOB.

Boamommo, uro B Hamewm ciyuae yeroianBocTs a-amMusiash i XJIOPTeTPANNKINHY
00yCIOBIeHA AANTUBHEIMEM M3MEHEHHAMI o-aMUIa3LT IIOJ BJIMISTHUEM XJIOpTeTpa-
IUKJIMHA B cpefe.

88

Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500020-3



Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500020-3

FOLIA BIOLOGICA

Tom. III. (1957) — Fasc. 2.

New Findings in the Use of Fungous Amylolytic Preparations
for the Saccharification of Potato Mashes

Semi-pilot Plant Experiments with Fungous Preparations in the Production
of Alcohol from Potatoes

K. BERAN, M. BURGER and S. ZELENKA

Institute of Biology, Czechoslovak Academy of Science, Department of Microbiology, Praha,
Chemical and Technological University, Faculty of Food Technology,
Department of Carbohydrate Technology, Praha

Received November 3, 1956

Many research workers have for a long time been interested in the use of fungous
amylolytic preparations in the distilling industry. They have been attempting to
find a complete or partial substitute for the malt required in the saccharification of
starchy raw materials. A number of communications demonstrate that fungous
amylolytic preparations can be successfully used in place of malt in the treatment of
starchy raw materials for alcohol.

Interest centres particularly round two species of fungus of the genus Aspergillus:
A. niger and oryzae. For the technological process, preparations of these fungi, grown
on solid substrates, especially on bran, can be used (Lu Cheng Hao et al. 1943,
Roberts et al. 1944, Underkofler et al. 1939, 1946, Schwene et al. 1940), and also
preparations grown submerged in fluid substrates. Dried and enriched crushed
starch was also used as a substrate (Sova 1950). For culturing in fluid media, A4. niger
has chiefly been used (Le Mense et al. 1949, Teixeira et al. 1950, Adams et al. 1947).
Tt has been demonstrated in a number of communications that the yield of alcohol
is at least the same as compared with malt, and in most cases is from 2—-12%
higher (Lu Cheng Hao and Jump 1945, Teixeira et al. 1950, Roberts et al. 1944,
Adams et al. 1947, Underkofler et al. 1939, 1946). A mixture of malt and fungous
preparation also gave a higher yield in the saccharification of cereals. The use of
a mixture has no other advantages. Higher yields were not obtained, however, on
using the mixture in the saccharification of potato mash (Malcher 1954).

The maximum yield of alcohol depends on two consecutive processes—on comple-
tion of the actual process of saccharification and on the phase of completion of
fermentation, when the dextrins which develop during saccharification are further
broken down into fermentable sugars (Pan et al. 1950).

On studying both these phases of the breaking down of starch and dextrins by
fungous preparations of A. niger and A. oryzae, it was found that the optimal
temperature is an important factor in hydrolysis of the intact molecule. The optimal
temperature for 60 minutes’ saccharification of potato mash using a preparation
of A. oryzae is 55° C and for 4. niger 65° C (Beran and Burger 1956, Burger and Beran
1956a). Maintenance of the temperature is especially important with preparations
of A. miger, as the hydrolytic activity of this preparation is strongly activated by

L]
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heat. Its activity for the formation of fermentable sugars in the hydrolysis of starch
was 7.34 times greater at 65° C than at 30° C, whereas with A. oryzae it was only
2.54 times greater at 55 °C (Burger and Beran 1956a). These preparations also differ
in their optimal pH for dextrination of starch. For preparations of A. oryzae the
value was found to be 6.1, whereas for A. niger it was 4.5 (Beran and Burger 1956).
The possibility of using this low pH in preparations of 4. niger is of great importance
for the technology of agricultural distilleries.

In connection with the second phase of the formation of fermentable sugars from
dextrin, it was found that preparations of A. niger caused more intensive hydrolysis
of dextrins than 4. oryzae. Simultaneously with fermantation by the yeast Saccharo-
myces cerevisize R XII, 91.2% fermentable sugars developed from the ‘limit”
dextrins present, through the action of A. niger preparations and 73.6%, with
preparations of A. oryzae. It was further found that preparations of A. niger gave
rise to more intensive formation of non-fermentable oligosaccharides with a 1,6-glu-
coside link (isomaltose, panose), but it also markedly breaks down these oligosacchar-
ides. This enzymatic system which breaks down 1,6-glucoside links is doubtless of
great importance for the yield of alcohol. With A. oryzae, however, this hydrolytic
activity is not evident (Burger and Beran 1954).

Whereas the question of a complete substitute for malt in treating cereals is
regarded as settled, according to numerous communications, in the treatment of
potatoes in Czechoslovakia and elsewhere (Malcher 1954, Sotnichenko 1955) only
partial substitution has been used, i. e. a mixture of dried diastatic malt with an amyl-
olytic fungous preparation, in an attempt to obtain a good yield of alcohol and avoid
technological difficulties. By their recent communication on the optimal conditions
for the saccharification of potato mash and by means of the work described in the
present communication, the authors are attempting to fill in this gap and to find
a complete substitute for malt. The present work verifies in practice the theoretical
results obtained by the authors.

Materials and Methods

Micro-organisms used: In the preparation of amylolytic fungous preparations, the same two species
of fungus ( Aspergillus niger and Aspergillus oryzae ) were used as in the previous work (Burger and Beran
1954, 1956). For fermenting sweet mashes, baker’s yeast of the first generation was used. In laboratory
experiments for testing the yield, Saccharomyces cerevisiae R XII was used. The yeast cells were cultured
in 10° S wort at 28° C.

Basic raw materials: The fungi were cultured on wheat bran. For the experiments, potatoes of the
same sort were used (Rapid E4), with a starch content of 209,. The control amylolytic preparation was
green 8-day-old brewer’s malt prepared from second grade barley. In laboratory experiments for testing
the yield, dried diastatic malt was used. The mashes for laboratory experiments were prepared from
potato flakes with a starch content of 65.689.

Preparation of amylolytic fungous preparations: For the saccharification of mashes in semi-pilot
plant experiments, air-dried, ground cultures of the fungi A. niger and A. oryzae grown on sterile bran
were used. The preparation of the preparations used in laboratory experiments has been described in
& previous communication (Burger and Beran 1954). When preparing the preparations, aluminium or
enamelled dishes were used, lined with a thin layer of sterile bran (2.5 cm.). Inoculation of the bran was
carried out by evenly sprinkling the surface with & mixture of spores and sterile bran.

The spore inoculum was prepared from healthily sporulating cultures of fungi grown in Roux bottles
on 10°S wort thickened with agar. The spores were removed from the surface of the culture by means
of sterile bran and this mixture was used for inoculating the bran in the actual preparation of the
preparations. The bran was sterilised twice in 24 hours at & pressure of one atmosphere.

The inoculated bran was moistened with the same weight of sterile water and placed in a thermostat.
Culturing was carried out at 25° C for 3— 4 days. In some cases it was necessary to re-moisten the culture
with sterile water during cultivation.

Preparation of the mash and methods of laboratory experiments for testing the yield: Preparation of the
mash from potato flakes has already been described (Beran and Burger 1956). In contrast to this method,
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the volume of mash in experiments for testing the yield amounted to 200 ml., using 500 ml. flasks.
The mash contained 15%, starch and the amount of added preparations amounted to 15% of the
weight of the starch., The preparations were added in two instalments, 109 of the weight of the starch
on saccharification and 5% before fermenting. Saccharification was carried out for one hour at 50° C
with preparations of 4. oryzae and at 60° C with A. niger. Fermentation of the mash was carried out
using 10 ml. of yeast suspension, so that the final concentration of the dry weight of the yeast
amounted to 0.69,. The flasks were stoppered with a fermentation stopper and placed in a thermostat.
Fermentation was carried out at 28° C for 48 hours.

Apparatus: Semi-industrial experiments were carried out in the experimental distillery of the Chemical
and Technological University in Prague. The following apparatus was used in the distilling process:
1. A Henze vat for 8 maximal amount of 200 kg. potatoes, 2. & mashing tun of normal construction with
a capacity of 400 litres, 3. small fermenting vats with a capacity of 800 litres, two entirely of wood and
two of wood lined with copper sheeting, 4. a fractional distilling apparatus with a boiler, with & working
capacity of about 300 litres.

Mashing the potatoes and saccharification of the mash: Washed potatoes weighing 140 kg. were mashed
in the Henze vat in the usual way. The water of condensation was not run off. Before running off the
mash into the fermenting vats, the water of condensation was extracted from the mashing vat and
cooled to the temperature maintained during running off of the mash; the first part of the amylolytic
preparation was then mixed with this water. After running off about one half of the mash, another part
was added and on completing this and adjusting the saccharification temperature, a third part was
added. The differences as compared with this basic method are given when describing the individual
experiments. Before being added to the mash, the preparations were moistened with water. The mash was
maintained at saccharification temperature for one hour. In some cases it was acidified with sulphuric
acid to a pH of 4.5.

Fermentation: Following saccharification, the mash was cooled to an inoculation temperature
of 22— 25° C. Fermentation was carried out with ; kg. of compressed yeast mixed with water. Fermen-
tation took 72 hours.

Analytic methods: The starch content of the potatoes was determined densimetrically. Control of the
mash was carried out macroscopically, and of the degree of mashing by the microscopic determination
of the starch. It was found that mashing was complete in all the tuns. Saccharification was observed
microscopically by the iodine test. The usual methods were employed to determine saccharification,
titratable acidity, the pH, the progressive development of alcohol, alcohol in the residue, alcohol after
fresh fermentation and alcohol after inversion. In laboratory experiments for determining the yield,
alcohol was determined pyknometrically after two distillations. In the matured mash, the intact
disstase was determined by the method of Elirodt. Determination of the degree of reduction was carried
out using the method of Schoorl (Schoorl and Regenbogen 1917). The amount of reducing substances
is expressed as glucose. For making chromatographic analyses, the method of Green and Stone (1952)
was used as modified by the authors. The standards taken were the chromatograms of wort and maltose,
incubated with a preparation of A. niger, in which the distribution of the sugars is known. When making
a chromatographic analysis of sweet mashes, half the number of samples were placed on chromatographio
paper as for fermenting and matured mashes. Purity of fermentation was also observed microscopic-
ally.

Results

Tab. 1 gives the results of laboratory experiments.

The table shows that yields obtained with preparations of A. niger or a mixture
of preparations of A. niger and A. oryzae are approximately 6% higher than with

malt. The results obtained with preparations of A. oryzae alone are approximately
the same as those obtained with malt.

Table 1. Laboratory Experiments for Testing Yield

. . . ’ A. niger +
Amylolytic preparation l Malt ‘ A. niger ' A. oryzae | 1 A. oryzae
Yield (% theory) ‘ 85.7 - \ 91.4 ; 81.2 ‘ 92.1
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Table 2. Analysis of Sweet Mash Saccharified Table 3. Analysis of Sweet Mash Saccharified
with Malt and Course of Fermentation. Tun No.1 with Malt and Course of Fermentation. Tun No.2
Time of Hours Time of Hours
fermentation 0 ‘ 21 | 18 ’ 2 fermentation 0 ! 14 \ 28 f 79
Saccharification Saccharification
(S°) 17.25| 8.25| 3.25| 2.90 °8) 1590 12.80( 3.55| 2.4
Temperature Temperature
°C 22 27 26 23 (°C 22 22 27 24
Titratable Titratable
acidity 0.2 0.32 0.6 0.95 acidity 0.25| 0.28| 057 0.92
rH 5.4 5.0 4.3 4.1 rH 5.5 5.4 4.6 4.2
Reducing Reducing
substances (9) 6.98) 2.09) 0.55] 0.32 substances (9,) 6.54| 3.82| 0.43! 0.28

Semi-pilot plant Experiments

Saccharification of potato mash with malt: The amount of green malt used in the
experiments corresponded to 15.99, of the starch present. During extraction,
a temperature of 40° C was maintained in the mashing tun. Saccharification was
carried out for one hour at 49° C. The iodine test which was made during this period
showed complete saccharification of the mash. The results from vats 1 and 2 are
given in tabs. 2, 3, 8 and 9 and in fig. 1.

As seen from tabs. 2 and 3, saccharification of the sweet mash in tun No. 1 was
17.25° S and in vat No. 2, 15.9° 8. The course of titratable acidity and, in particular,
of the pH, shows a quite considerable increase in acidity during fermentation, which
did not, however, exceed the limits usual in ordinary production. This increase in
titratable acidity, which was also manifested by a fall in the pH to below 4.5, was
due to mild infection. As a result, when fermentation was complete, the Ellrodt test
showed the presence of only a small amount of active diastase. The values of the
reducing substances (%, glucose) in the 72nd hour of fermentation and the chromato-
gram made at the same time show that the fermentable sugars had completely
fermented out. The chromatograms also show that maltotriose did not completely
ferment out and that something of the higher oligosaccharides also remained. The
incomplete fermentation of maltotriose is evidently associated with less satisfactory
properties of the yeasts that were used. Tab.8 gives analyses of the residues. These
values show that both saccharification of the starch and fermentation of the mash
were successful.

Saccharification of potato mash with a combination of preparations of A. niger and
A. oryzae: The procedure in preparing mashes 3 and 4 was somewhat different. In the
case of mash No. 3, the first part-of the preparation of A. oryzae was added at the
commencement of extracting the mash into the condensation water at a tempera-
ture of 55° C. During extraction, the temperature in the mashing tun was maintained
at 50—55° C. The second part of the preparation of A. oryzae was added when
extraction was complete and the mash was then left for 15 minutes at a temperature
of 55° C. The preparation of A. niger was then added. The iodine test showed that
saccharification at the end of this period (about 20 minutes after completing extrac-
tion) was already complete. Acidity was adjusted to a pH of 5.0 and the mash cooled
to fermentation temperature. The mash showed saccharification of 16.4° S and was
much more fluid than mashes prepared with malt. The total amount of the prepara-
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tions used was 17.6%, of the weight of the starch, and of this amount, 8.8%, was
accounted for by the preparation of A. oryzae and 8.8% by the preparation of
A. niger.

In the fourth mash the procedure was the same up to leaving for 15 minutes
at 55°C, only with the difference that the whole amount of the preparation

Hrs 0 24 48 72 0 14 38 72 S, S, Hrs 0 24 48 72 0 14 38 72 8 S,
Tun 1 Tun 2 Tun 3 Tun 4

Fig. 1. Chromatographic Study of Fermentation Fig. 2. Chromatographic Study of Fermentation
of Mashes Saccharified with Malt. of Mashes Saccharified with a Mixture of Pre-
parations of A. niger and A. oryzae.

F: fructose, G: glucose, Ga: galactose, M: maltose, IM: isomaltose, M,: maltotriose, P: panose, Sy’ mal-
tose incubated with a preparation of 4. niger, Sy: wort.

of A. oryzae was added at once, at the commencement of extraction. When the mash
had been left for 15 minutes, the temperature was raised to 65° C and the preparation
of A. niger added and the pH of the mash was adjusted to a pH of 4.5 by adding
diluted sulphuric acid. The mash was then saccharified at the given temperature
for 45 minutes. Saccharification of the mash showed a value of 15.3° S and the mash
itself was much more liquid than mashes prepared with malt. The total amount of
preparations used came to 11.3%, of the weight of the starch, of which the prepar-
ation of A. oryzae accounted for 3.9%. The results of these experiments are given
in tabs. 4, 5, 8 and 9 and in fig. 2.

As seen from the values obtained in a study of the course of fermentation (tabs. 4
and 5) and from an analysis of the residue (tab. 8), hydrolysis of the starch and
dextrins was better than on using malt. As compared with malt, the fall in the value
of the pH was smaller, even when the pH fell below 4.5. Microscopically, infectious
miero-organisms were found only once. These results also explain the larger yield
of alcohol than on using malt. The chromatograms illustrated in fig. 2 show the
well-known formation of the oligosacccharides with a 1,6-glucoside link, isomaltose
and panose, which developed through transglucoside activity. It is evident that
these oligosaccharides were hydrolysed in the course of fermentation. The presence
of maltotriose can be explained as in the case of malt-sweetened mashes.

Apart from the known sugars which develop on the hydrolysis of starch through
the enzymatic action of fungous preparations, still further sugars developed during
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Table 4. Analysis of Sweet Mash Saccharified Table 5. Analysis of Sweet Mash Saccharified
with a Mixture of Preparations of A. oryzae with a Mixture of Preparations of 4. oryzae
and A. niger and Course of Fermantation. and 4. niger and Course of Fermentation.
Tun No. 3 Tun No. 4

|

Time of Hours Time of Hours
fermentation o l 2 { 48 l 72 fermentation I 0 ‘ 14 | 38 ‘ 72
Saccharification Saccharification

(°8) 16.4 4.4 1.7 1.7 °8) 15.30 | 4.40| 2.00| 1.95
Temperature Temperature

()] 25 32 28 22 (°C) 25 28 27 20
Titratable Titratable

acidity 0.50| 0.70| 0.80 0.92 acidity 0.60) 070 0.75| 0.88
pH 5.0 4.5 4.2 4.1 pH 4.5 4.3 4.1 4.0
Reducing Reducing

substances (%) 7.33| 0,56 0.34 0.29 substances (%) 7.07{ 0.55| 0,35| 0.43
Table 6. Analysis of Sweet Mash Saccharified Table 7. Analysis of Sweet Mash Saccharified
with a Preparation of 4. niger and Course of with a Preparation of A. niger and Course of

Fermentation. Tun No. 5 Fermentation. Tun No. 6

Time of Hours Time of Hours
fermentation ) 0 [ 24 | 48 ' 79 fermentation 0 ‘ 34 ‘ 28 | 79
Saccharification Saccharification

°8) 15.6 6.3 2.3 1.75 (°8S) 16.201 7.30| 2.10| 1.65
Temperature Temperature

(°C) 22 26 26 23 °C 22 27 26 22
Titratable Titratable

acidity 0.50] 0.58| 0.62| 0.79 acidity 0.60; 0.66| 0.71| 0.74
rH 5.1 4.6 4.5 4.2 pH 6.0 4.6 4.4 4.2
Reducing Reducing

substances (%) 6.83| 1.25| 0.34; 0.28 substances (%,) 5.01 1.13| 0.37| 0.43!

fermentation through the action of these preparations. The spots at the head of the
chromatogram are probably pentose and galacturonic acid. An interesting finding
is the appearance of galactose after the first day of fermentation, which in this case
is not fermented.

Saccharification of potato mashes with a preparation of A. niger: The preparation
of A. niger was added to the mash in two instalments, the first part being added at
the commencement of extraction into the condensation water and the second part
when extraction had been completed. During extraction a temperature of 60° C was
maintained in the mashing tun. When extraction was complete, the temperature
was raised to 65° C and the pH to 5.0 and the mash was saccharified at this temper-
ature for one hour. When tested with iodine solution, the mash had a pale pink
coloration.

In mash No. 5, the amount of the preparation equalled 14.39, of the weight of the
starch and saccharification of the mash amounted to 15.6° S and in vat No. 6,
11.7% and 16.2° S respectively. Liquefaction of both mashes was normal. The
results of these experiments are given in tabs. 6, 7, 8 and 9 and in fig. 3.
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The values given in the tables show that hydrolysis of the starch and dextrins
was complete. This is also confirmed by the chromatograms (fig. 3), in which a very
small amount of galactose is also seen to have developed. Microscopically it was
found that fermantation was not contaminated and no foreign micro-organisms were
found. The Ellrodt test, carried out in the
matured mash, showed that a large excess of
the active enzymatic system which breaks
down the starch was still present. These
circumstances were favourably manifested in
the amount of alcohol obtained, which was
greater than on using a mixture of both

F fungous preparations.
G Quality of the alcohol: Tab. 10 gives the
Ga analyses of the alcohol yield.
It is evident from the individual determin-
M ations that the crude alcohol obtained from
M mashes saccharified with fungous preparations
M has almost the same composition as the crude
1: alcohol obtained from mashes saccharified
with malt. The flavour of the alcohol obtained
by means of fungous preparations, however,
was better.
Hrs 0244872 0 143872 S, &
Tun 5 Tun 6 Discussion
Fig. 3. Chromatographic Study of Ferment-
ation of Mashes Saccharified with a Frepar- One of the technological problems in the

ation of A. niger. F: fructose, G: glugose, Ga:  ggecharification of starchy raw materials
galactose, M: maltose, IM: isomaltose, Mj: . . . .
maltotriose, P: panose, §: maltose incubated ajnd of ROtatof n;IaSh mhpt:.il‘tl(}ulal‘, ? r&Pld

with a preparation of 4. niger, Sg: wort. liquefaction of the mas uring extraction

Table 8. Titration of Residues

Malt A. niger+- A. oryzae A. niger

Tun 1 Tun 2 Tun 3 Tun 4 Tun 5 Tun 6

Titratable acidity 0.5 0.48 0.75 0.6 0.55 0.50
Saccharification 4.2 4.3 3.9 3.5 3.3 3.5
Aleohol 9, 0.08 0.07 0.03 0.05 0.07 0.08
Alcohol 9, after

re-fermentation 0.03 0.03 0.00 0.00 0.00 0.00
Alcohol 9 after hydrolysis 0.17 0.19 0.10 0.10 0.07 0.09

Table 9. Amount of Aleohol Produced

Malt A. niger + A. oryzae A. niger

Tun 1 Tun 2 Tun 3 Tun 4 Tun 5 i Tun 6

Litres absolute alcohol 13.99 14.42 15.73 15.03 16.67 16.66
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Table 10. Analysis of Crude Alcohol

Malt A. niger+ A. oryzae A. niger

Tunl Tun 2 Tun 3 Tun 4 Tun 6
Aleohol 9 vol. 56.52 64.34 65.92 48.06 64.46
Aldehydes as mg. acetaldehyde per i
1. absol. alcohol 265 241 380 480 387
Mg. fusel oil per 1. absolute aleohol 1190 1160 1910 1350 1363
Furfural reaction | reaction | reaction strongly positive reation

positive

Free acids as acetic acid. mg. per
1. absol. alecohol 85.0 93.0 72.9 100 93
Esters as ethyl acetate, mg. per
1. absol. alcohol 1340 1108 2400 1560 973
Methanol sequences reaction in traces ditto

and in the first phases of saccharification. It is known that the chief enzymatic
system which breaks down starchi n a preparation of 4. oryzae is a-amylase. The
initial activity of a-amylase consists in very rapid liquefaction of the starch, caused
by hydrolysis of the 1.4-glucoside links, which are situated more towards the centre
of the chain of the starch molecule. Hollenbeck and Blish (1941) established that
in the complete liquefaction of starch, only 0.5% of the total glucoside links is
broken down. Subsequent dextrination and saccharification by a-amylase is slower.
Fungous a-amylase has similar properties to those of the a-amylase of other prep-
arations and only a small amount of this enzyme is required to obtain complete
liquefaction of cereal mashes. One of the characteristics of the activity of this enzyme
is the quantity of individual fermentable sugars and other fragments of starch that
are formed, including a small amount of glucose, a larger amount of maltose and
a considerable amount of maltotriose, maltotetraose and the higher dextrins, as
already described earlier in connection with chromatographic studies (Burger and
Beran 1956b, Starka 1954, 1955). One of the characteristic enzyme systems of
A. niger is maltase. In the absence of a-amylase, it also breaks down the starch
molecule, but by an entirely different mechanism, by breaking down glucose from
the ends of the chain of the starch molecule (Burger and Beran 1956a). In this case,
therefore, liquefaction is more difficult and it is more important to maintain the
optimal conditions for the activity of maltase (Beran and Burger 1956). In our
experiments this is also evident from the coloration of the mash with iodine solution.
When using a preparation of A. niger, the achromic point is reached later and less
completely than on using a mixture of preparations of A. niger and A. oryzae. The
manner in which the starch is broken down by a preparation of A. niger is also
evident from the distribution of the sugars on the chromatograms; a considerable
amount of glucose, a small amount of maltose and a very small amount of malto-
triose and the higher oligosaccharides develop, without counting the oligosaccharides
with a 1.6-glucoside link. Our results demonstrate that in the saccharification of
concentrated potato mashes, adequate liquefaction can be obtained by means of
a preparation of A. niger if sufficient active maltose is present (the glucogenic
system) and if the optimal conditions for its activity are maintained.

The probably small maltase activity of preparations of A. niger, which is deficient
in a-amylase, and the present.lack of knowledge, of the optimal conditions for
hydrolysis of starch by maltase, by 4. niger or by both, has led some authors to
conclude that a preparation of 4. niger alone cannot be used for the saccharification
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of potato mashes and that it is essential to add malt, chiefly for the sake of good
liquefaction (Malcher 1954). :

In order to obtain the maximal yield of alcohol it is important that the dextrins
which develop during the saccharification process should be completely broken down
into fermentable sugars. An important part in this is played by the breaking down
of the a-1.6-glucoside links, which appear in the limit dextrins (Redfern 1950). The
enzymes which break down these anomalous links have been found in various
amylolytic preparations and also in malt and in fungi. In malt they are very variable
(Myrbéck and Ahlborg 1942). It was already demonstrated earlier that a preparation
of A. niger not only forms non-fermentable oligosaccharides with an a-1.6-glucoside
link, but that it also intensively breaks down these links (Burger and Beran 1954).
The higher yields of alcohol obtained by various authors and also in the present
work by means of fungous preparations, as compared with malt, can also be explained
by the greater variety and, in some cases, by the quantity of the enzymatic systems
present in fungous preparations, which break down carbohydrates other than starch.
In the fungus A. niger, it is known that very active cellulases and g-glucosidases are
present (Burger and Beran 1956b), together with polygalacturosidases and galacturo-
sidases. As is seen from the chromatogram (fig. 2), the preparation of A. oryzae which
was used is strongly characterised by active galactosidase. These forms of enzymatic
activity may also be manifested favourably in the yield of alcohol and, as is evident
in the case of galactose, the yields can be influenced further by a suitable strain of
yeast. It is interesting that preparations of A. oryzae are characterised by only slight
a-glucosidase activity, but by considerable galactosidase activity.

In carrying out these semi-pilot plant experiments, no study was made of maximal
yields, but a comparison was made, under the same conditions, of the use of fungous
preparations and malt for the saccharification of potato mashes. The yield is under-
standably affected by the losses entailed in the semi-pilot plant method; with the
apparatus used they were higher than they would be under industrial conditions and
were not corrected to the amount of the samples taken. The latter comprised
about 3% of the volume of the mash. As may be seen from the chromatograms
(figs. 1, 2 and 3), the yield can be increased still further by using a more suitable
strain of yeast, in particular fermenting maltotriose.

From the technological aspect, the use of a preparation of A. niger has further
advantages, which are displayed in a higher yield of alcohol. The relatively high
temperature used during saccharification (656° C) and the possibility of using
a lower pH (4.5—5.0) provide favourable conditions for the preparation of a miero-
biologically non-contaminated mash. A pH of about 4.5 also has a favourable effect
during fermentation. At the same time, the hydrolytic activity of the preparation is
not affected adversely in any way. The Ellrodt test shows that a considerable amount
of effective ““diastase’ is still present in the mature mash.

The more rapid course of fermentation is not without interest from the aspect of
the technology. The quality of the crude alcohol on using fungous preparations for
the saccharification of potato mashes is approximately the same as on using malt.
In view, however, of the fact that the crude alcohol obtained by means of fungous
preparations has a better flavour, it is possible that the composition of the distillate
is different from that obtained on using malt. "

Summary

Semi-pilot plant experiments were carried out with the saccharification of potato
mashes by means of fungous preparations, under conditions which had previously
been studied by laboratory methods. It was found that:
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1. Saccharification of potato mashes by means of a combination of preparations
of A. niger and A. oryzae and by a preparation of A. niger alone, takes place without
any technological difficulties and it is not necessary to add malt when preparing the
mash.

2. Mashes saccharified by a combination of preparations of 4. niger and A. oryzae
are more fluid than mashes saccharified with malt. When A. niger alone is used,
liquefaction is normal.

3. The yield of alcohol from mashes saccharified with fungous preparations is
greater than from mashes saccharified with malt and is increased still further by using
a suitable strain of yeast.

4. When using a preparation of A. niger, the higher saccharification tempera-
ture (65° C) and the lower pH (4.5—5.0) prevent the development of infection, both
during saccharification and also, as regards the pH, during fermentation.

5. Fermentation of mashes prepared with fungous preparations is more rapid.
6. The quality of the crude alcohol is the same, whether fungi or malt are used.

7. As a result of the saccharification activity of preparations of 4. oryzae, galactose
is released during fermentation.
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HosBrle ganHnle M0 BOIPOCY IpUMeHeHHsI I'PUOKOBHX aMUJIOIUTHYECKUX
IpenapaToBs A 0CaXapUBAHUA KapTOQeJbHEX 3aTOPOB

Tlonynpou3BoficTBEHHBIe ONKITH ¢ TPROKOBEIMY TTPeNapaTaMit I BHPAGOTKA CHHpTa
u3 Kaprodesns

K. BEPAH, M. BYPI'EP u C. 3EJIEHKA

Peswne

Bonpoc monHO# 3aMeHE cOJIOfla TPEOKOBHIMU TipenapaTaMy IipM IIPOM3BOACTBE
CHANPTA M3 3epHA MOKHO, — HA OCHOBAHWH JIAaHHEIX MHOTOYHMCJIGHHHX pabor, —
cuntaTh pemeHHuM. Ho npu BrpaGoTKe ero m3 kaprodens u y Hac, M 3a TPaHANEH
(Malcher 1954, Corrruenko 1955) — ¢ menbio OJTydeHAs MAKCMMAJIBHOU NPONYKIAK
cnupra ¥ BOo M30e)KaHWe TEXHOJIOTHUECKAX 3aTPYNHEHHH, — [OIYCKAJIach TOJIBKO
yacTHYHAS 3aMEHa COJIOia, B 0COGEHHOCTH IpH Pa3;KiKeHMH 3aTopoB. B macrosmei
CTaThe W B HECKOJIBKAX APYTAX CBOUX pafoTax aBTOPH HHTAIOTCHA BOCIIOIHMTH 3TOT
mpo6es ¥ MOJHOCTHIO 3aMEHHTH COJION INIMGKOBEIMH IperapaTaMu.

Ve paHbiie IyTeM JaGopaTOPHHIX ONHTOB G0 ycranosyieno (Bepan m Byprep
1956), uTo mPHE TEAPOIH3e MOJEKYJH KpaxMaja OpenapaTamd A. niger m A. oryzae
BasKHBIM (AKTOPOM ABIAeTCA ONTHMaibHasA Temmeparypa. [lna 60-mmmyTHOTO
ocaxapmBaHHA KaprodeabHHX 38TOPOB IpenapaToM A. oryzae ONPUMAJbHAA TeMIC-
parypa — ato 59 °C, a y npemapata A. niger 65 °C. Ocobenno BasuO cobmonenue
BTOH TeMuepaType y mpemaparta A. niger, Tak Kak THAPOJIMTHYECKAsA AKTHBHOCTH
aTOro rpufKa ¢ TOBHINEHHEM TEMIEPAaTypPhl YCHIHBAeTcA OYeHb 3HAUMTENBHO, —
ropasfo 3HaumTe]bHee, YeM y mpemapaTta A. oryzae (Byprep, Bepam 1956a). Jtm
OIpenapaTsl OTIHYAOTCH APYr OT APYra M HO ONTHMAJbHOMY /Ul NeKCTPHHH3AIAH
sHayenmio pH: mns mpemapara A. oryzae G0 momydeno 3mavenme 6,1, a g
A. niger 4,5 (Bepar, Byprep 1956).

B cBasm ¢ $azoit 06pasoBaHus M3 AEKCTPUHOB cOPaKMBAEMHEIX caxapoB (OKOHYA-
TenbHOe cOpaskuBaHMe) OHUJIO YCTaHOBJIEHO, 4TO mpemapar A. niger mogsepraet
lpefebHEe JEKCTPAHH (ojlee BHPa3HTebHOMY THAPOIM3Y, 9eM A. oryzae. Bmuo
OTMedYeHO TaKske, 4TO mpemapaT A. niger, BHI3HIBAIOIAA MHTeHCUBHOe o6pasoBaHme
HecOpajkmBaeMblx osmrocaxapuaos ¢ 1,6-rioxosmumyeckoil cBA3LIO (A30MABTO3a,
IaHHO3a), NP 9TOM TAKKe HHTEHCHBHO paclieliifeT 3TH OJIMTOCAXaPHAHL.

Itm HaGMIONEHAA NOCIYIKAJIM OCHOBAaHMEM JJIA HOJYIPOM3BOACTBEHHHIX ONBITOB
ocaxapuBaHHA KapToQelbHEX 3aTOPOB rpuOKOBHMA NpenapaTamMu A. niger u A. ory-
zae, NPUTOTOBJIAEMHMA IyTeM BHpamUBaHAA IPHOGKOB Ha oTpYy6saAX. PesymeraTh
OILITOB TOKA3aJIHd, 4TO:
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1. OcaxapuBanuc KapTodesbHBIX 3aTOPOB ¢ MOMONIBI0 KOMOMHAIMM TpPenapaTon
A. niger u A. oryzae, M jKe OJIHUM TOJBKO IpenapaTtoM A. niger npu BBIIIEONHCAH-
HBEIX ONTHMAJIBHBIX YCJIOBMAX IPOTeKaeT 0e3 TeXHOJIOTHYECKUX OCJIOMRHCHWMI, U JUTA
IPUTOTOBJIEHHA 33TOPA HeT HeoDXOAMMOCTH B mpubaBjeHwn coJio1a.

2. 3aropsi, ocaxapuBaeMmbie ¢ IIOMONbI0 KoMOMHammu mpenapatoB A. niger
1 A. oryzae, OBIBAIOT KUK, 4CM 3aTOPHI, OcaXapuBaeMbie cosojoM. ITpu nenosbso-
BaHMM mpemapara A. niger cTenedb ryctoTsl 3aropa GeiBaeT HOpMajbHas.

3. llpomyknus cumpra U3 3aTOpB, ocaxapuBaeMbx IPUOKOBHIMM TIperapaTami,
OnBaeT BHIC, YeM M3 3aTOPOB, OCAXapUBAEMBIX COJIOIOM.

4. Ilpu ucnonesoBanmu npenapara A. niger 6osiee BRICOKAA TeMIIepaTypa JeKcT PH-
Huzanun (65 °C) n muskoe sHavenne pH (4,5—5,0) nmpensareTByior pasMHOMeHBIO
UHPEeKNUN, — Kak NPHW 0CAXapUBAHUIL, TAK U IPH OPOKeHHU.

0. COpauBanye 3aTOPOB ¢ I'PUOKOBHIMU NipeliapaTaMd IpPoOTeRaeT ObCTpee.

6. Ilpn mcnonb3oBaHME TPUOKOB KAYECTBO TOJIYYaeMOTO CHIPOTO CIMpTa GhiBaet
TAKOE jKe, KAK M NP HPHMEHEeHWH COJIojia.

7. B pesynptate NeKCTPUHHBHpYWOUIed aKTHBHOCTM mpenapata A. oryzae IIpu
cOpakMBAaHKUN 0CBOOOKIACTCH tallaKTosa (pue. 2).
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FOLIA BIOLOGICA

Tom. II1. (1957) — Fasc. 2.

TuranTckie WIeTKHU APOKei

) 0. HEUYAC
NactaryT obmei GHOIOrHN MEAHIAHCKOTO daxyaprera yampepcurera B Bpuo

Hocmynuao ¢ pedaxyuo 19 X 1956

B cBoeii paGote Mb He OyneM KacaThCA THIAHTCKUX RIETOK NpOsKsKel, BO3HHA-
KAIOIMAX TI0jl BIMAHNEM Pa3/IMYHEX BHEMHUX QH3MYECKAX U XUMUYECKAX $axTopos;
MH OTDS8HHUYMMCA INMTOJIOTHYECKAM pasbopoM 1 TMOTHTKON O0BACHUTL MEXaHH3M
BOSHHKHOBGHHS THTAHTCKUX KJETOK, KOTOPHE MNOABJIAKTCH B KYJABTYpax CaMo-
IPOMBBOJIBHO, TPH OGBYHBIX YCJIOBHAX KYJIBTUBALMK.

Memoduxa

Bee HaGimoCH s MBI IPOU3BOMIN HAJ{ YHCTOMR KYyJIBTY POl IPOMBICIIOBEIX Aposuceit. MBI KyJIBTH-
BUPOBAJIH PO (HOCKOIBKY HE YRA3KIBACTCA nHaue) Ha cycie ¢ 10—13° Balling-a u Ha niacTuH-
Kax arapa ¢ TeM e cycyom npa pH 5,4—6,0. UTo6H c1esaTh BOMOMKHEIM HeC/ICOBAHNE BOSHHKHO-
BCAMA M JAJIBPHEHIICTO PA3BHTHs THTAHTCKAX (GOopM ¢ MOMOMILIO nairpaddepa, Gompmas HacTsb
KyJIbTHBANMHA NPOM3BOMMIACH HA ATrAPOBEIX IJICHKAX BO pnaxHol Kamepe. [{iia onpejejieEnsA
FAAMKOTeHAa, BOJIOTHHA W JKHpPa Mhl IIOJB30BAJIHCh HOJOM, METHIICHOBOH CMHBKOH M CYAQHCKHM
opamkesnM. Peaxiuio @ejbpreHa Mh NPOM3BOAMIN HA Maskax, B cJjejlyiomeid MOTUQAKANMM:
¢uKcanys ¢ NOMOMEIO ¢uxcaxa Carnoy, rHApOJIM3 B TeYEHMC 7 mu. B n/1 HCl npn 60 °C, pearesr
Ilindda B Tedenne 2 gac., TPOGKPATHOE NPOMEIBAHUC B CEepHUCTO BOKE.

Pesyavmamot

Mopdgoaoeuseckuie 0cobGeHHOCIU . ITpn HeGoAbIIOM yBeIMueHnH TATAHTCKAC KIETRI
nposcKeil Ha Ipenaparax GpocaloTCA B 138 CBOMMI PA3MEpaMI, CTPYKTYPOil 111a3Mbl
¥ CPABHHETEJIHHO GOJILMEAM MHJICKCOM NPeNIOMIICHHIA (puc. 1, 2), a TaxKe TeM, 9TO OHM
GHIBAIOT COCEHEHH! TI0 JIBe, KAK AMIVIOKOKKH. MoJo/ible TATAHTCKAS KIIETKH OLIBAIOT
siineoGpasHble, MO3/Hee OHA GobINEll YaCTHIO MCHAIOTCA B MAPLI (puc. 3). Cpennue
pa3MepH TMIaHTCKUX KIeTOK OHBAIOT 11—14 p, OXHAKO YACTO BCTPEUYAIOTCH H Gonee
KpynHEHe KneTky, focraraonie 20 4 B iuameTpe (puc. 3). Bo3HuKHOBeHHe TONOGHHX
rRraHTCKNX ABOiHEX Kiaerox mabmopamm Holweck u Laccasagne (1930), Wyckotf
u Luyet (1931) u Euler (1942 a) B rynbrypax [possKeil IOl feiicTBIeM JIydel X.

Tlo cTpyKType NJia3Mh TUraHTCKAC KIIeTKA (T'K) pesko oTIMYaIOTCA OT HOPMAJIBHKIX
JPOsEKel: OHM HAKOTZIA He COTiePrKaT BaKyoJieil, i IJ1a3Ma y HUX CHIbHO 3ePHMCTAA.
Copnepsxanye TIMKOTeHA W BOJIOTHHA B 'K me GpiBaeT IOBHIIEHO M IOABepraeTcs
SHAUMTeBHBIM KOJIEOAHWAM, KaK M B HODMAJBHEIX KJETKAaX TOH ke KYJBTYPH,
onHaKo Kojmueetso xmpa B I'K ropasmo Gonpme, deM B HOPMAJBHHX HICTKAX.
Hup B dopmMe MeJKHX KamejieK PaBHOMEpPHO PaccedH B IIASME BCeli KIIeTKH. ITO
OBEIIIEHHO® COJEP/KAHNE JKHPa M ABIACTCHA NPAYUHON MOBHINCHHMS HH/ICKCA npe-
nomnenus y T'H.

Bcmpeuaemocmv u YcAo6US B03HUKHOGEHUR. I'K BO3HMKAIOT TOJbKO B A3POOHHX
YCOBMAX, T. €. B KyJIbTYpax Ha arape AJH KamebHLIX. B aHaspoOHBEIX YCIAOBHAX,
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1. €. 1IpH cOpasKMBAHKK B IPOGHPKAX, TOKE BOSHIKAIOT KPYIHBIC KIICTKY, HO COBep-
[ICHHO IPYIOro Xapakrepa: aTo, HOBMAMMOMY, MOJMILTOMIHbIE APOKHKH, BOIHIKHO-
BEHHC KOTOPHX B OPOAAMUMX KYJBTYpax oTMeTdsu Subramaniam (1948) u gpyrne.

Bosneme Bcero I'K Berpeuaerca » dase norapuMuueckoro pocra, — B TeueHnme
12—24 vacos. Tospgmee mx komIeCTRO OTHOCHTEJIbHO YMEHBLIAETCH, TaK KaK
HOPMAJILHEIE KIICTKH Pa3MHO;Ka10Tes 0ueHb OricTpo. Ho I'K BosHMKAOT TOIBKO TOTAA,
CCL HA MHTATENbHYIO CpPejly NEepeHeCTH aHadpoGHYIo (6pommmyio B mpoGupxe),
RYJBTYPY, ROCTUTMYIO CTAMOHAPHOM (a3 passutus. Ecin ke IIepPecesTh Ha CBEHYIO
IMTATELHYIO CPejy, HANp., 24-9aCOBYI0 KYJIBTYPY, TO BO3HMKHOBEHHE IMIAHTCKIX
Popm me maGmopmaerca. Paprnim obpaszom, 'K BosumkaoTr TonbKO M3 Tex KIIETOK,
KOTOPEIe Gblli IepeneceHH B dase MOKOs, a He U3 KIIETOK, BO3HMKAIOIUX B KYJIbType
B TedeHNe HHKyOanmu. JTo o3Havaer, uto I'K BO3HUKAIT TONBKO 13 CTAPHIX KIETOK.
Hoatomy To Makemmambmbii nponent I'K BCTpedaeTcsa B Hadaje Qassl pocta, KOrja
KOJIMYeCTBO CTAPMX KJIETOK OBBAET OTHOCHTEIBHO HAMGOJICe BEIMKO. Ryuasrypa
IPOGKeH COMePHKUT KIIETKH PasIHuHOTO Bo3pacTa. Ecim we upmnmmars Bo BHM-
MAHHUE KJICTKH, KOTOPEI® GLUIM IOCEAHB!, TO HANGONee CTAPHIMA B HAIIMX KYJbTypax
B CTANMOHAPHOH (ase ABNMIOTCH NPHGIAZMTENHAO 3-XHEBHBIE KIeTKHA. TAK MOMHO
IPUGIMBUTENIBHO ONPEeNeTUTh ¥ MAHMMAIBHLI BO3pACT AposxuKed KoTopsie ofpa-
syior 'K.

Passumue ecueanmcrkux kaemor. Ha OCHOBe HeNpepHBHHIX Habiomenuit 'K na
JIIAKAX arapa BO BIIA;KABIX KaMePaX MBIl HAILIA CIIeIYIONAI TIpomece passurtua I'K:
Y APOHGKEBOM KJIETKH HOPMAJIHEIX Pa3MepoB HAUMHAETCH MOYKOBAHIE IpA ORHO-
DPEMEHHOM CMIIbHOM yBeNiIeHnn pasmepoB. C POCTOM MATEPHHCKOH KIeTKE MEHSeTCs
1 ee cTpyrTypa. B Teuenne namspueiimero passutus u ROYEPHSA KIeTKa JopacTraer
A0 pa3MepOB MATePHHCKOH, He OTHEeNAACh OT Hee. TaK BO3ZHUKAIOT XapaKTepHbIe
ABOMHEIE KIeTKU. PacTyT onm ouens MeAIenHO U 5TOTO COCTOTHIs TOCTHIAIOT B CPe-
Hem dvepe3 12 wacos. /lampreiimee Pa3BUTHE JTBOWHBIX KJIETOK GLIBAeT Pa3JIM4HO:
HEKOTOPEHIe U3 HUX HOruGaloT, He MeHAACK yke JAJIbIIe; YacTO 0GOI0TKa pa3preIBaeTca
4 Ccolep:xuMoe M3jmBaeTcA B cpexy. J{pyrume mBoitHbie KieTky [IPOJOJKAIOT PACTH
1 pocruraor u 20 4 B AMamMeTpe, He MOPOKIAS HOBHIX KIETOK. Onnaxo okoIo momo-
BAHBl TUTAHTCKUX [BOWHBIX KJETOK OKA3BIBAIOTCHA CIIOCOGHBIMU K HOBOMY IIOYKO-
BaHIIi0, HO reHePANHOHHHBIA IePHOTL Y HUX JUIATCS TOPA30 GOIIbINe, qeM Y HOpMaJIbHbIX
KJeTOK. B TedeHMe mepBHIX HeCKOIbKUX TeHepanuil BO3HHKAWT onaTh-Taku 'K,
HO B Te9eHUE NaNbHeHIINX FeHepanuii pasMepsl KIIeTOK YMEHBIAITCA, UX CTPYKTYpa
UprbaMKaeTca MOCTENEHHO K CTPYKType HOPMAJIbHBIX KJIETOK. B KOHIE KOHIOB
BO BCeX HAGMIONABIINXCA HAMM CIIy9asiX BO3HMKAIM ¢ BHJLY COBEPIIEHHO HOPMAaJbHbIC
KJIeTKH (pEc. 4, 5). Taroi ke mocTeneHubil Tepexo] K HOPMAaJIbHHIM KJIeTKAM OTMe-
THI Levan m Sandwall (1943) Yy camonponssosibHO BosnuKanmux I'K u Euler
(1942) — y TK, Bosmukmux mox jpeiicrsiem aygeir X. Hceneaya npomece mogxo-
Banusa 'K, Mar wacto ma6mogamm atnmmunoe noukopanme (pue. 7).

Hoepruvie ycaoeus. Hpenaparsl, oxpamenusie 110 (enbreny, MOKa3BIBAIOT, YTO
UPMYAHOM THTaHTASMA ABIAETCS, co0CTBeHHO, HapyIIeHue AIIEPHOTO JIeTICeHWSI:
TOJIBKO OJJHA M3 HapBl TUI'aHTCKUX KIIETOK copepsar Axpo (puc. 8, 9, 10, 11), pas-
MEPEI KOTOPOro OTBEYaIOT pasMepaM sifiep HoPMAabHEIX KIETOK IPOHGRER, YTO BaKHO
AU pemenna Bompoca o nommmonauu. finpa 'K OKpAIUBAIOTCHA OONbIIEH YacThio
MEHee WHTEeHCHBHO, 4YeM HOPMaJjbHEIe sappa. flapo He uMeer B HBOWHON KieTKe
IIOCTOAHHOI'O MeCTa, OJIHAKO Yallle BCEr0 OHO GhIBaer PACIIOIOKEHO BOINSH COyCTh
MEily obenmm kiaerkamu. ITpyM mOUKOBAHME THraHTCKEUX JBOMHBIX KIIETOK MOKHO
HafiTH AP0 yiKe B KasKIOH KieTke (pue. 12, 13). B coBceM He clHOCOBHHIX K MOYKO-
BaHMIO J(BOWHLIX KJICTKAX Beerja GniBaer ANPO TOIBKO B OMHOHM U3 HUX.
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Hucxkyccus

Ha ocHOBe YCTAHOBICHHHX HaMA PAKTOB MOMKHO CJIGIYIOMIAM o6pasoM 00BACHHUTD
MexaHu3M Bo3EumkHopenma I'H: B HOopMalpHOH KieTKe HAaYMHAETCA NOYKOBaHHE,
T. e. JeleHHe AXPa W AeleHHe KIETKH, HO HOTOM IO IPHIMHAM, BHACHHTH KOTODH®
HAaM He YHajloch, [ie7leHre ANpa NpepxBaercA B dasze mepej yABOCHHEM HUUCIA XPO-
MocoM. Bo3HEKaeT pecTHTYNMOHHO® AP0, — JUNJIOMAHOe M MOITOMY IO CBOMM pas-
MepaM He NpeBHINAOIee Pa3Meps fjep HOPMAJBHBIX HIVIOMIHBIX RposKex.
OnHaKo HavuaBmeecsi MOYKOBAHHe KJETKH NPOROIKaercs. B pesyiprate AREPHEIX
HapYIIeHHi HapymaeTcs M KOOPAWHANMA IPONECCOB ofMeHa B KieTKe, HabmonaeTca
HeMOMePHKIA POCT KJIETKE 4 HAKOIJIeHHe JMION/OB. B HEKOTODHIX KIeTKAX ANCPHEe
HaPYMeHHsi OKA3HIBAIOTCA HEOOPATAMEIMH, KIETKA CIIOCOGHE TOJBPKO K M3BECTHOMY
POCTY, HO He K IeJIeHHI0. ITO —Te KIIeTKH, KOTOPHIe 0PACTAloT U 10 20 u B AuameTpe
¥ HEKOI/Ia He pasMHOKawTcsa. OHAKO B HEKOTOPHIX CIIydYasAX 4epe3 M3BecTHOS BeMAP
(sepe3 12—24 waca) HapyImeHHEE fA/ICPHEE OTHOMEHWS BOCCTAHABIUBAWTCA, AAPO
meimTes, foUepHee AApO IepemelnaeTcA B 06pasoBaBIIYIOCA YiKe I0MEPHION KICTRY,
Ji TOTOM B 00EMX OJHOBPEMEHHO HAUMHAETCHA TOYKOBaEWe. B Tewemme ciepyomux
TeHepamuil MOCTENeHHO TPUXONUT B HOPMY H HapymeHHH MeTabonuaM KIeTKH,
pasMepH KIeTOK YMeHbIIAIOTCH, MEHAeTcA CTPYKTypa IJIasMbl M B Pe3ysibTate
BOBHMKAKIT OLATH HOpPMajbHHeE Kietku. Besa sra Bropas ¢asa — 970, coGCTBEHHO,
«u3JledeHne» ANCPHBIX HAPYMeHHH. -

B smteparype mpeaMeTa MH HAXOJAUM MHOTO TOATBeKAGHAR BTOr0 HAMEro
paraana. Holweck m Laccasagne (1930) mpm comx ommrax o0imydenus ApoIKei
pa3NMYHLIME [03aMy Jydeidr X IPHUMIA K TAKHM jKe Pe3yibTaTaM. 3Ha9YHATETLHHIE
To3H oByuenna HemenuenHo yGmpaior xpoxnuxu. Ilpm cpemrux posax naGmonaercs
NpeKpalIeHEne MWATO3a, JOYePHsAS KIeTKa yABaMBaeT CBOM pasMepHl, HO Gonbime
He jenmres. Ilpu HeGosbmMX ke X03aX O0IYUeHHA BO3HAKAIOT MopdonornuecKue
VKIOHEeHHsA, HA OCHOBE KOTOPHIX YAAJIOCh BHIPACTHTDH ycroitumpsie pachi. Hamu
HAGIIONeHAs MOKHO CPABHMTH ¢ Pe3YJIbTATAMH JCHCTBHA CPEJHHX 03 obiydenus.
Wryckotf u Luyet (1931) nogo6usiM 06pa3oM 00BACHAIOT BOSHNKHOBEHKE ABYKIIETOH-
upix wososmit; Euler (19426) ommcanm mocremensmii mepexopx 'R, monydemssix
myTeM oGiyduenns, B HOpMajbHEe KieTkE. Mrak, naydaemble HaMH AJCPHL® HApY-
IeHEA ¢ TOCTeIYIOMUM THTAHTA3MOM APOMGKeH MOMKHO CPABHATH C HAPYMEHHAMH,
BHIBHIBAGMBIMU cPefHUMH j03amu jydeid X.

C ppyroit cTOpOHH, €CaMOUPOW3BOJBHO BO3HHKAKOIIUE 'K Henb3d cpaBHHBATH®
¢ 'K, KoTopsle MOJTyyaloTcA HOJ BINAHAEM CHIBHO JeHCTBYIOIMX BelecTs, B 0co0eH-
HOCT¥ KaM(OpHL ¥ KAaHIEPOTeHOB: TAKHe FMT'AHTCKHAE KIETKH (Nadson 1935, Dodge
u Dodge 1937, Bauch 1941a, 6, 1942a, 6,1953, Thaysen m Morris 1943, Meicens
1944, Thomas 1945, Subramaniam u Ranganathan 1946, Luteraan u Dieng 1948)
OCTAIOTCA HeM3MEHHHMHZ B TedeH@e PsAfa IeHepamuii, ¥ 9T0 CYATAETCHA CIydaaMA
MYTAIOMHE, 8 Yy HEKOTOPHIX IITAMMOB — HOJHEIJIONIAEH. IgTomornyeckoe MOKa3a-
TeNILCTBO HAAMguMs y HHX nojmmiomaus pan Levan (1946, 1947). On namesn, 4TO
B CTAjMM HOKOf ANpA JTHX NPONOKEBHX KIETOK OHIBAOT KPYINHEe HOPMAJbHELX,
a mpn MuTo3e HaGiofa yBeludeHne KOJINYecTBa XPOMOCOM. rak, 3T0 He TO IHTO-
JIorMYecKoe W3MEHeHme, KOTOpoe ONMCcaHo B Hame# paborte.

Jpyrue MoKa3aTenbCTBa TOTO, YTO Y ONMCHIBAGMBIX HAMH 'K peus uger He 0 HOJIHN-
IJIOMMH, BHITEKAIOT M3 KAPMOMETPHYECKMX W3MEPeHHi Mundkur-a (1953, 1954)
1 13 MOPPOIOrAUecKOTO ONMUCAHNUSA TeTPATTIOMIHEIX nposxeir y Townsend-a u Linde-
gren-a (1954). Ecim IpemosiomuTs, 9T0 PasMephl KJeTOK NPONMOPIHOHAIBHEL CTe-
fleHd MOJMILIOMNE, TO ¥ Tepexof K HOPMAJIbHBIM [HIJIONJHEIM KJIeTKaM JAOJGKEH
OBl OBl OCYIIECTBIATHCA BHE3ANHO MJIM CKAYKAMH. Ho, nmo mamuM HaOJIONeHHSAM,
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THPAHTCRMC KJIETKU NPEBPAIAITCA B KIETKH HODPMAIbHEIX pPasMCpOB — 3a HEKOTO-
PHIMM MCKIIOUEHHUAMH -— TOCTEIeHHO.

Subramaniam u ero mxosa K0KaBHBAIT BO3HUKHOBEHUE SHIOMOINIIONIHKIX Kile-
TOK B aHA3POOHHIX, T. . GpopAmux Kyaprypax (Subramaniam 1948, Duraiswami
n Subramaniam 1950, Prahlada Rao u Subramaniam 1953, Thiagarajan u Subra-
maniam 1954). Murepecro, uto st sH{OMONANIONIHbE KIeTHI BO3HHKAIOT TaKKe
VPH NIEPEHECCHUH KYJIBTYPH B IOKOE B CBEKYIO IHTATENBHYIO cpexy, 4To oTBEYaer
Hamum Habmopenusm. Pasuuna Tomeko B ToM, uto 'K, omncriBaeMire HaMH, BO3HU-
KalOT MMEeHHO B HeGpomAme#, T. e. aspobHOIH, KYJIBTYpe.

Homsona mrorw, Momuo ckasars, uro CYLIHOCTHIO CAMONPOMBBOJILHOI'0 BOBHHKHO-
POHUS TUTAHTCKUX KITOK B a3pOGHEIX KYJIBTYpax ADOHUKeH ABJIAETCS He DHIO-
TMOIMILIONNS, & TONHAA WM BPEMCHHAS OCTAHOBKA HAYABIIETOCH MUTO3A B CTAJAH
NOPE/ yIBOCHMEM uMCsIa XPOMOCOM TIPH TOCIeAYIImEM 06pasoBaHuu pecTUTyuHOH-
HOTO AApa. B HEKOTOPEIX sKe coryuasx ocyImecTBIAETCH MOTOM HOBOE, Y3Ke HOPMAaJlh-
HO®, nejienne sifpa, M ruraHTCKUe KIIeTKU [PeBPAIaTes HOCTeNeHHO B HOpMaJIbHBIE.

W3 namux onmIToB MoKHO caenaTh oG BBIBOJI, UTO YBeJMYEHNE KIICTKU CIeyeT
CIATATH TOMMITIONMeH TONBKO B TOM Cilyuae, eciM ee HaJHuyhe OBIIO TOKA3aHO
NyTeM HUTOJIOTHYeCKOro pasGopa.

Pesrme

1. Hocoe mepeceBa KynBTYpHI B NIOKOE B CBEKYI0 IMTATEIIBHYIO CPejly NP a9 poOHBIX
YCTIOBMAX BO3HMKAIOT THTAHTCKAE KJETKM, JMAMETP KOTOPHIX AOXOMMT no 20 u.

2. Turanrckne kiaeTku GuBalT Ges BaKyoJlel, ¢ 3ePHUCTON IIJIA3MOM, M COTepIKaT
SHAYATENIHBIC KOJlUYecTBa MMnouoB. OHU 06pasyioT XapaKTepHbIe TBOIMHbIe KIETKIL.
Tonsro onna w3 arux xaerok copepuut AP0, KOTOpOe GBIBAeT TAKUX 3Ke PasMepos,
KaK ¥ AP0 HOPMAaJbHBEIX AHIJAOUIHLIX KIIETOK I pOHIKeNl.

3. YacTh IMTaHTCKHX KIETOK He CHOCOGHA K noykoBaENo. OTHouKoBaBImMHECH >Ke
IJVIETKM B TeYeHHe HECKOJBKUX TIeHepamuii Bceraa IIPeBPamaloTcd B HOPMaJlbHEIE
KIIETKY I POAGKEH.

4. ABTOp OTBEpraer BOBMOMHOCTD NOJMIIONAMH KAaK I PUYMHBLI BO3HUKHOBEHMS
TUTAHTCKAX KIIETOK M TIOJIaraeT, YTo JeJ0 UAeT 06 YCTOHYHBOM WM e BPEMEHHOM
TIPeKpaleHnH HaYaBIIETOCA MHUTO3a B CTAfMH Tepej YABOCHHMEM 4YMCJIA XPOMOCOM.
ITpuuunoit ysennuenns Pa3MepOB KIETOK ABIAITCHA CONPOBOMIAIINE HAPYIICHN
MeTabo0JIn3Ma.
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Giant Yeast Cells

0. NEGAS

Summary

If a culture of yeast cells in the resting phase is re-inoculated on to malt agar,
giant cells develop in the first 12 hours of growth. The present communication deals
with the cytological analysis of these giant cells.

In a preparation, the giant yeast cells are conspicuous at first glance, even with
small magnification, because of their size, the structure of the plasma and the relativ-
ely high refractive index (figs. 1 and 2). They are dlso conspicuous by being joined
in pairs, like diplococci. Young giant cells are ovoid, later becoming for the most
part spherical (fig. 3). Their average size is 11—14 u. Even larger cells are frequently
found, however, with a diameter up to as much as 20 u (fig. 3). The structure of the
plasma is strikingly different from that of normal yeast cells. The giant cells never
contain vacuoles and their plasma is markedly granular.

The glycogen and volutin content of the giant cells is not increased and ranges
substantially within the limits of normal cells of the same culture. There is consid-
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erably more fat in the giant cells, however, than in normal cells. The fat i deposited
in the plasma in the form of minute droplets, evenly distributed throughout the cell.
The increased fat content is also the cause of the increased refractive index of the
giant cells.

Giant cells develop only under aerobic conditions, i. e. in cultures grown on agar
or in hanging-drop cultures. Under anaerobic conditions, i. e. in cultures fermenting
in test-tubes, larger cells develop, but these are of an entirely different character.
They are evidently polyploid cells, the development of which in fermenting cultures
was found by Subramanian (1948) and others.

The largest number of giant cells are found in the lag phase of growth of the
culture, i. e. in the first 12— 24 hours. Their number then progressively and relatively
rapidly decreases as the normal cells rapidly proliferate. Giant cells develop only
when the nutrient medium is inoculated with a culture which has reached the
stationary phase. From the further facts it follows that the giant cells described by
the author develop only from cells older than 48 hours.

On the basis of a large number of continuous observations of cultures on agar
films in moist chambers, the author found that the giant cells developed as follows:
A yeast cell of normal size begins to bud and at the same time increases considerably
in volume. As the mother cell increases in size, its structure changes. In the course
of further development, the daughter cell grows to the same size as the mother cell,
with which it remains connected. In this way characteristic twin cells develop.
Growth is very slow and this stage is usually reached after about 12 hours, when
several generations of normal yeast cells have already budded. The further develop-
ment of these twin cells varies. Some of them perish without changing any further.
Some remain unchanged for a number of weeks. About half the giant twin cells,
however, are capable of new budding. Their period of generation is considerably
longer than that of normal cells. During the first few generations, giant cells are also
formed; with further generations, however, the size of the cells decreases, the structure
progressively approximates to the structure of normal cells and finally in all cases
yeast cells of an entirely normal appearance develop (figs. 4 and 5). When studying
the course of budding of the giant cells, atypical budding was frequently found
(fig. 7).

The results of a study of preparations stained by the method of Feulgen show that
the gigantism is actually due to a disturbance of cell division. Only one of the giant
twin cells contains a nucleus (figs. 8, 9, 10, 11). The size of this nucleus corresponds
to that of the nuclei of normal cells (this is important in deciding whether or not the
cell is a polyploid). The degree of intensity of staining in the nuclei of giant cells
is usually lower than in normal cells. In budding giant twin cells a nucleus is found
in each cell (figs. 12, 13). In twin cells which are not permanently capable of budding,
however, a nucleus is found in only one of the cells.

On the basis of the facts ascertained, the author explains the mechanism of the
development of giant cells as follows: A normal cell begins to bud, i. e. the nucleus
and cell divide. From a cause which the author was unable to discover division of the
nucleus then stops, in the phase prior to doubling of the number of chromosomes.
A restitution nuclears develops, which is diploid and therefore the same size as the nuclei
of normal diploid yeast cells. Budding of the cell is, however, completed. Disorganisa-
tion of the nucleus also results in disorganisation of the coordination of metabolic
processes in the cell, which is displayed in disproportionate growth of the cell and
accumulation of lipoids. In some cells the disorganisation of the nucleus is irreversible
and the cell is capable only of a certain degree of growth, but not of division. Those
are the cells which grow to a diameter of 20 x and never bud. In some cases, however,
after a certain time (12—24 hours), the nuclear disturbance is righted, the nucleus
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divides, the daughter nucleus passes into the daughter cell which has already been
formed and both cells begin to bud simultaneously. In further generations the
metabolic disturbances in the cell are progressively righted, the cells decrease in
size, the structure of the plasma changes and normal cells again result. The whole
of this second phase is actually of “healing” of the nuclear disturbance.

Further in the discussion the author compares his own results with the work of
Holweck and Laccasagne (1930), Wyckoff and Luyet (1931), Euler (1942) and other
authors who evoked the development of giant cells by physical and chemical means.
Tt is important to differentiate the giant cells described here from the polyploid cells,
described in the communication of Subramanian (1948) and other authors.

C’rmclusion

1. Following re-inoculation of a stationary culture on to a fresh nutrient medium
giant cells develop under aerobic conditions, which may reach a size of up to 204.
2. The giant cells have no vacuoles, the plasma is granular and the cells contain
a large amount of lipoids. Characteristic twin cells are formed. Only one of these cells
contains a nucleus, which is the same size as the nucleus of normal diploid yeast cells.

3. Some of the giant cells are not capable of budding. Those cells which do bud
always develop into normal cells in the course of a few generations.

4. The author excludes the possibility of polypoidia as a cause of the development
of giant cells and is of the opinion that they are the result of permanent or temporary
disorganisation of mitosis in the stage prior to duplication of the chromosomes,
with accompanying metabolic disturbances as the cause of the increase in the size
of the cells.

(Plates XI1I, XIV)
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The Action of Streptomycin on Chloroplasts of the Flagellate
Euglena gracilis Klebs

J. VAVRA
Protozoology Laboratory, Czechoslovak Academy of Science, Praha

Recetved December 15, 1956

The ability of the green flagellate Euglena gracilis to form apochlorotic cells has
long been known (Ternetz 1912, Lwoff 1943). Provasoli et al. (1948) and Jirovec
(1949) found that streptomycin caused complete and permanent loss of chlorophyll
in E. gracilis. Strains bleached by streptomycin have been grown in daylight in the
above laboratory for nine years without their green coloration returning. The aim
of the present work was to ascertain the process by which chlorophyll is lost by the
action of streptomyein.

A number of views have been expressed on the mechanism of apochlorosis. Lwoff
and Schaeffer (1949) assumed that streptomycin blocks the synthesis of chlorophyll
in the plastids and drew attention to the structural similarity of the molecule of
chlorophyll and of the streptidine fraction of streptomycin. In a further communi-
cation published the same year, these two authors expressed the opinion that the
rate of division of the chloroplasts is lower than the rate of division of the cell. This
feature had already been observed earlier in E. mesnilli grown in the dark (Lwoff and
Dusi 1931). Provasoli, Hunter and Pintner (1951) observed loss of plastids of
E. gracilis in the fluorescent microscope. They record that the action of streptomycin
on plastids is similar to transferring them to the dark, but that the changes are
irreversible. The plastids decrease in size and number, lose their ability to be stained
with iron haematoxylin and display various striations, wrinkles and thickening.
In the later stages fragmentation occurs.

It is interesting to note that artificially apochlorotic strains of E. gracilis were also
obtained by growing these flagellates at raised temperatures (Pringsheim 1951) and
by the action of the antihistamine pyribenzamine (Gross 1955).

Material and Methods

Loss of plastids was studied in detail in the Mainx strain of E. gracilis from the collection of cultures
in the Protozoology Laboratory of the Czechoslovak Academy of Science. This strain displays medium
sensitivity to the action of streptomyecin. On adding 500 units streptomycin/ml. culture medium, a per-
manently white culture, growing well, is obtained without difficulty. Composition of culture medium:
2 g. Na acetate, 5 g. Bactopeptone Spofa, 0.5 g. yeast extract Difco, 1,000 ml. redistilled water, pH 6.8.
The strain was cultured in a lighted thermostate (100 W, distance 50 cm.) at 25° C. For the actual
observation of loss of plastids, & number of methods were used: observation in vivo, observation of
crushed Euglenae, observation of Euglenae subjected to the action of chloroform (Ternetz 1912). This
latter method did not prové satisfactory, as chloroplasts of Euglena contract in varying degrees at
different stages of development of the culture, as a result of the action of the chloroform, evidently
according to the consistency of the plastid stroma. As ascertained by measuring, this contraction is not
in any constant relationship to the size of the living chromatophores. Another method used was observ-
ation by a fluorescent microscope and the technique of ‘‘observation in blue light”, described in
& previous communication (Vévra 1956). A number of staining methods were also used. The most satis-
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factory was fixation of Euglenae with Bouin-Hollande fluid and Champy’, solution, after which the speci-
mens were embedded in paraffin, cut into very thin sections and stained with Heidenhain’s iron haemato-
toxylin or acid fuchsin, according to the method of Altmann. Studies were made of Euglenae in static
cultures and also in & continuous culture, with the aim of obtaining material at a particular stage of
development. The continuous culture apparatus was constructed in the author’s laboratory. The
inflow is controlled by an electromagnetic clamp and the time of inflow and the intervening intervals
are controlled by a system of time relays which can be adjusted as desired.

Results

A. Observations in Blue Light ‘

In non-influenced cells from cultures grown in the light, the chloroplasts are seen
as dark disks with a rounded or slightly lobular outline, according to the phase of
development. In Euglenae in the stationary phase the plastids are mostly disk-like,
not lobular, with a discernible light centre containing pyrenoid. Following inocula-
tion of these Euglenae into a fresh medium, disappearance of the light centres is
observed in the chloroplasts, which increase in size, become more lobular and divide.
In the stationary phase the chloroplasts again acquire their original appearance.
In a continuous culture the Euglenae have permanently the same appearance as
Euglenae in a fresh medium.

The picture in a culture to which a sufficient amount of streptomycin has been
added is somewhat different. In the initial phases of growth of the culture, chloro-
plasts of normal form are observed, which divide in just the same way as non-
influenced Euglenae. After 48 hours’ growth of the culture, however, a difference
is seen in the size of the chloroplasts in the control culture and the culture containing
streptomyein. The chloroplasts of the cells with streptomyecin are distinctly smaller.
In the course of further development these differences become rapidly intensified,
the chloroplasts decrease in size still further, are spherical in shape and are less
distinet (tab. 1). These very small chromatophores, however, divide normally. The
stroma of the plastids is also subject to degeneration, since minute granules appear
at the edges of the small plastid disks and become converted into brown bodies.
Chloroplasts reduced in size through the action of streptomycin also accumulate
in the area round the nucleus, where they frequently form aggregates so dense that
it is impossible to observe them individually. The minute débris of the plastids
forming these aggregates disappears, in the further development, among the grains
of paramylon in the cell. It seems to us, however, that even in the case of Euglenae
which have been subjected to the action of streptomyein, the plastids can continue

Table 1. Relative size of chloroplasts in culture without and with streptomyecin (length and breadth : 2)

Age of culture in hours Relative size (controls) wﬁﬂaggfdstg%(;n u(:il::;:;‘:.)
Initial 7.9u ‘ 7.9u
24 9.5 8.2
48 9.6 7.3
72 8.5 3.9
96 9.4 2.3 !
120 8.4 1.6 and 0 '
144 8.2 l 0, occasionally up to 2.3
168 8.3 0, occasionally up to 2.0
192 8.2 0, occasionally up to 4.0
336 o 8.0 0, occasionally up to 5.0—6.5
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to increase in size after growth of the culture has been halted, i. e. in the stationary
phase, in the case of those which, for reasons unknown, have undergone only a small
number of divisions under the influence of streptomycin. In further division in
a fresh medium, however, they rapidly disappear.

B. Stained Preparations

In normal, non-influenced Euglenae cultured in the light or in the dark, the data,
of Baker (1933) and Hovasse (1948) were confirmed.

In the presence of streptomyecin in the growing culture a similar picture is seen as
in the case of Euglenae transferred from the light to the dark. The plastids become
smaller, irregular in shape, are at first difficult to stain, dark-staining substance
forms a number of aggregates at the edge of the plastids, sometimes giving rise to
a formation resembling pyrenoid. As the chloroplast becomes progressively smaller,
the dark granules occupy an increasingly large proportion, until the entire plastid
develops into an irregular aggregate of these granules, which disappear among the
similarly staining parts of the hypertrophied chondriome. Fragmentation of the
plastids does not, perhaps, occur until these phases are reached. Another picture
is seen if a culture in which growth is complete is subjected to the action of strepto-
myecin. In this case streptomycin intensifies the process of aging of the culture and
degeneration in the plastids. Dark-staining substance accumulates at the edges of
the plastids. In vivo, yellowish granules, gradually becoming brown, are seen to
appear in the green colour of the chloroplasts; these increase in size until finally the
whole plastid disintegrates. Since the brown bodies do not stain with haemato-
toxylin, this degeneration shows apparently empty spaces in the plastid. Sometimes
the dark-staining substance forms several striations on the surface of plastids in
process of degeneration. If Euglenae with such plastids are transferred to a fresh
medium they rapidly disintegrate into aggregates of dark-staining granules, which
disappear among the developing chondriome. Unfortunately, the chondriome,
which stains in the same way, makes detailed observation impossible, including, in
particular, fragmentation of the plastids.

C. Fluorescent Microscopy

This method confirmed the results obtained by the “blue light” technique and
stained preparations. In Euglenae influenced by streptomycin a picture resembling
fragmentation of the plastids was often observed, i. e. various protrusions on the
plastids or very small chloroplasts among considerably larger chloroplasts. In small
chloroplast débris, such dense aggregation of plastids was frequently observed that -
the whole aggregate had the appearance of a single large chloroplast. In small plastids,
a number of shining red points were seen distinctly at their edges, while the rest of
the body of the plastid shone only very slightly. This shows that chlorophyll accu-
mulates chiefly at the edge of the plastid in these granules, which are probably
identical with the granules of dark-staining substance described in the stained
preparations. In the final stages of loss of the plastids, only small, redly glowing
points can be seen in the Euglena cells, many of which are at the limits of visibility,
and are gradually lost in the course of division of the cell.

Discussion

In contrast to Lwoff’s findings ( 1949), we found that streptomycin does not
block or slow down proliferation of the plastids. The average number of plastids
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does not decrease during bleaching, but tends rather to increase (from an average
of 20 to 30—45).

The decrease in the size of plastids under the influence of streptomyecin is explained
by loss of ability of the plastids during division to complete growth. In as far as the
chloroplast has not attained a certain minimum size, it can still go on growing in the
maximal stationary phase. As soon as this “critical size” is reached during division,
however, the chloroplast is so small that it disintegrates and disappears. Only if the
doses of streptomycin are small does differentiation into entirely green and entirely
white cells take place in the further passages. The proof of this assumption by a series
of accurate measurings, however, presents a very difficult problem, which it will be
our next task to resolve. ,

In contrast to the observations of Provasoli (1951) no reduction in the number of
plastids was recorded in the course of bleaching. Nor were any grooves or thickening
observed in the plastids in the course of loss of chlorophyll, i. e. in the growing
culture. These changes can be observed only in cultures in the stationary phase, but
they are normal changes of degeneration as found in old cultures. Streptomycin
merely accelerates and intensifies them.

In association with loss of plastids in E. gracilis, hypertrophy of formations is
described which Hollande (1942) and Hovasse (1948) term mitochondria (leuco-
plasts — Lwoff). We also found hypertrophy in every case.

Summary

By means of various methods it was found that plastids of Euglena gracilis, when
subjected to the action of streptomycin, progressively decrease in size during
growth of the culture, lose their subpellicular position, form aggregates round the
nucleus until minute formations remain, which disappear in the cytoplasm among
mitochondria (leucoplasts — Lwoff) which stain in the same way. Fragmentation
of the plastids occurs possibly in the final phase, when the chloroplasts are already
greatly reduced in size. Plastid débris is still retained passively for some time during
division of the cytoplasm.

The decrease in the size of the plastids under the influence of streptomycin is
explained as -being due to loss of the ability of the plastids, during division to
continue growing. Loss of the plastids is associated with hypertrophy of the formation
regarded by Hollande and Hovasse as mitochondria.

(Tables XV, XVI)
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JleiicTBue cTpenTOMUIMEA HA XJIOPOIIIACTH HTIYTUKOBBIX
Euglena gracilis Klebs

10. BABPA

Pesrome .

Vrepsa miactugoB mop pmeifcTBEeM crpemToMHIUHA IOfpOGHO M3YYajach HaMH
y Euglena gracilis Klebs, mramm Mainx n3 kostexmmn KyaeTyp Ilporosoosoru-
yeckoii naboparopun YCAH. dror mramm orsmuaerca cpefHeli YyBCTBUTEIBHOCTHIO
R CTPENTOMUIUHY : IPY KOHIEHTPanuu crpentoMurHa B 500 ef/Mi Ky IbTHBALNOHHOMN
CPeJIbl MOKHO Ge3 TPYAa HOyIuTh XOPOIUO PACTYIMe U YCTORIMBO Gerbie KYJbTYPHI.
Han nabmopenust maj yrparolf mIACTHIOB HPMMEHATOCH HECKOJBKO GIOCOGOB:
NpURUSHEHHEIe HAGJIONEHMA; UCCICOBAHUA NeHCTBUA HA IJIACTHIH xsopogopma,
BLIBHIBAIOIIEr0 CMOPIMBAHUE INIACTHAOB; (II00pPeCIeHTHASA MUKPOCKONMA ¥ HAGJIIO-
AeHus B cuneM cBere (Baspa 1956). Vrpara maactunoB ucciefosasach HaMu TaKme
Ha cpesax Euglena, safurxcupoBaHHBHX uAKOCTBHIO Bouin-Hollande, Champy
1 OKpAIeHHBIX 3EJIE3HBIM TeMaTOKcHiaMHOM 1o [afijenraitHy, wiam ke KUCIBIM
¢yrcurom no Anbrmanny. Mu Habmoganu YTPaTy IJIACTHOB KAK B CTATUYECKMX,
TaK M B NPOTOYHEIX KyJBTYPaX, KOTOPHE o0ecrneumBaim 3apaHee ONpeesieHHYIO
CTA[(MI0 PA3BUTUA KYJIBTYDHI.

Bruio yeranosneno, uro B masamsHeix dasax pocra KYJBTYPHI, K KOTOPOI OKLIO
npubaBiieHo [OCTATOYHOE KOJMYECTBO CTPENTOMHIMHA, XJIOPOIIACTH Iy TUKOBHIX,
Euglena ornuuaiores HopmansurvMu dopmamu u nenares rax e, KaK 1 XJIOPOILIIACTh
RJIETOK, He II0[BEPTaBIIMXCA BIMAHUIO crpenToMmuuHa. Ho ye uepes 48 wacos
BRIPAIIMBAHMA 3QMETHEI [IePBLIe NPUBHAKH PA3HUII MEKIY ONBITHON U KOHTPOJIBHON
KYJIbTypaMu: XJIOPOIJIACTEL B KYJbTYPax €O CTPENTOMUIIMHOM OBIBAIOT 33aMETHO
Meuabye. B Tedenne xymbrusanum sra pasHuna GeicTpo Bospacraer: XJIOPOIJIACTHI BCe
60uIbIIIe MeTBYAIOT, OKPYTIIAIOTCA ¥ CKOILIAITCH BOKPYT Axpa. OcraTku miacTuos
IOTOM 1CYe33I0T B KJETKe Cpeill 3epeH mapammwia. Ham kaskerca ogmako, uTo
u y Euglena, xoroprie nogsepramuch fefCTBUIO CTPENTOMALMHA, TOCTe OCTAHOBKM
pOCTa KyJBTYpH, T. €. B CTAIMOHAPHOK dase, mIacTugsl MoryT gopacrath 10 Golee
KPYIIHBIX DasMepoB, — a MMEHHO B TeX KJIeTKAaX, KOTOPHE IOABEPrajich JIMLIb
HESHAUUTeJbHOMY 4MCHY feneHuil B crpemromunuue. OQHAKO TPU RAJbHEHUINX
ACJICHUAX B CBEell Cpefie dTH MIaCTHAE OkcTpo ucdesaior. Ha oxpamenusix npena-
parax Euglena, nogsepraBmmxcsa geiicrsmio CTPeNTOMUIMHA, HAOJIONAIOTCA U3Me-
HeHWs, nofiobusie Tem, Kak y Euglena, mepeneceHHHIX co cBeta B TeMHOTY: ILIACTUEL
MeJIb4alor, GHIBAOT HENPABUIBLHOW (JOPMH, BHAUATe OKPAIIMBAITCH ¢ TPYROM;
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OKpalMBaoIeecd TeMHHM IBETOM BellecTBO 00pasyer CKONJIEHMA [0 KpaAM Iuia-
ctinoB. OKpanIMBaKOMAAcA TEMHEHM L[BETOM 3ePHUCTOCT 3aHNUMaeT BCe Gojlee 3HAUM-
TeJBpHYI0 4acThb IJIACTHAA, TAK YTO B KOHIE KOHLOB Bech IUIACTHJ INPeBpallaeTcA
B CKOIIEHHe 3ePHUCTOCTH, KOTOPOE MCYe3aeT BMeCTe ¢ OKPAIINBAIOIUMUCA JACTAMM
TUNIepTPOPUPOBAHHOrO XOHAPUOMA. BHTH MOKeT, TOIBKO B 9THX CTAJIUAX P OUCXOAUT
¢parmentanusa naactuaos. Y Euglena B cranuonaproii ¢ase CTpeNTOMUINUH YCKOPAET
Iporecc CTApeHUsA KyJbTYDH M YIJyGJjser fereHepaTHBHEIE U3MEHEHUS IJIACTUOB:
NIacTUIH B 60J16e 3HAYMTEILHOM Mepe IIPeBpalaloTcA B KOpUYHeBHe Teabna («brown-
bodies»), Ha Hux NDOABIAIOTCA GOPOBAKU, & OKpAIIMBAIOIIEECA TEMHHIM I(BETOM
BeIecTBO 4acTO 06pasyeT HECKOAbKO IOJIOC HA IOBEPXHOCTH MIacTHioB. B cpesxeit
cpefle TaKne, y#e ereHepUPOBAHHbIE MIIACTU/B GHICTPO PACIANAIOTCA.

B nporusonoo:kHocts ganHeM Lwoff-a (1949), mMu ycraHoBuaHM, 4YTO CTpPeNTO-
MUALWH He GIOKMPYeT Pa3MHOMEHHA IVIACTHAOB M He BaMeJIfeT ero CKOJIbKO-HUOYAb
samerno. CpejHee KOJMYECTBO ILIACTHAOB B TedeHWe mpoiecca obecuBeYNBaHUA
He yMeHbIaeTcsl, CKOpee YBeIMYMBAETCA. YMeHbIIeHNe PasMepoB IJIACTUNOB IOX
BIMAHMEM CTPENTOMHLMHA MH OGBACHAEM TeM, YTO IJACTUABL B TEUeHUE [eJIeHUA
ympavusalom cnoco6rocms dopacmams. Bompoc, CrIOCOGHEL /i MIACTH/L, KOTOPLIe
He YMEHBLHIWIACH [0 ONpefeleHHHX MHUHUMAJbLHBIX (KPUTHYECKUX» PasMepos, IO
xpaiiHeit Mepe BpeMeHHO, B cTanMoHapHOK dase, fopacrarh, GyneT npeMeToM HaluX
naabHeiimux pabor. C yrparoit miacrugor y E. gracilis casana runeprpodus
o6pasopanuii, koropsie Hollande (1942) n Hovasse (1948) 0GosHayalOT KaK MUTO-
xoHapuu. Y Mu Habmiofan BO BeeX CJIyYasx oTy TUmeprpoduio.

(Taba. XV, XVI)
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Bansnue sxonormyecknx Gaxkropos Ha crnenuuUHOCTH
IapasUTHYeCKUX depBell Y HACEKOMOSHBIX

. IIPOROIINY
Buosornueckuit uncrutyr YCAH, napasnrosorus, [Ipara

Iocmynuao ¢ pedakyuio 8 XI 1956

Bonpoc cenuduunocTn napasutos, cTaBmmil B IOCJe/IHee BPeMA OJHUM M3 OCHOB-
HBIX BONIPOCOB ITIAPABUTOJIOTHH, NMEET MPeHIe BCT0 TeOPeTHIeCKoe 3HAYEHNEe — 1P
pemreHun Npo6JieME BOSHUKHOBEHUS BUAA, QUIOTeHe3a M PacIpOCTpaHeHUA mapa-
BUTOB CPeM PABJIMYHEIX X03feB, KAK M MX CHCTEMATUYECKON NPUHAJIEHHOCTH.
HpasunsHoe monMMaHme Bompoca CeNUPUYHOCTH TAPA3NTOB [ReJaeT Aajlee BO3-
MOKHBEIM L(eJIBIH PsA/l IPAKTUYECKUX MepOIpUATH 110 Gopb6e ¢ mapasuramu, o6eryas
pelieHye CJIOFKHEIX BOIPOCOB IPH IlePeMeHaX KUSHEHHHIX YCJIOBHI X03feB.

Mu paem spech pasGop cmenuuunoctd 64 BUIOB HalTeHHBIX Yy Hac mnapasuTi-
YeCKUX depBell, ommpasach Ha ucciaegoBanuA 600 sK3eMIUIAPOB BOAALINXCA Y HAC
HACeKOMOANHNX, HpuHapIeskamux & 10 pasauyneiM Bumam.

Hox cnenuduunocThio TMapasuToB M TOHMMAEM HMCTOPHYECKH CJAOMUBIIYIOCH
U JKOJIOIUYeCKH 00YCAOBIEHHYI0 TIPUCTIOCOGIEHHOCTh OMpPeeeHHEX BUAOB Mapa-
3UTOB K ONpeJIeJIeHHEIM BU/IaM X03feB, KOTOPaA COBNAJIACh B PE3YJIbTATe eCTecTBEH-
HOTO oTOOpa u HacjefcTBeHHO 3akpenmiuach ([llysabman 1954).

Razppit opranusu Tpebyer onpe/ieIeHHEX yCIOBHI CYIeCTBOBAHNA , ABJIAOLINXCA
AJIS HET'O ONTHMAJIBHEIME, HO 00J1a71aeT 1 CII0COOHOCTHIO CYLIECTBOBATH IIPU N3BECTHBIX
OTHJIOHEHHAX OT 9TOro onTMMyMa. Hak mokassBaloT HapasuTHYeCKHe YePBY HACEKO-
MOSIIHBIX, OTH OTKJIOHeHUA OHIBAIOT [IJIA Pa3/MYHEIX IIAPAsNTOB BECbMAa PasJIMYHEI.
«Crrenu@uuHOCTD KaK oNpejie/leHHAA HOPMA PeAKIMK OPTAHM3MA Ha YCJIOBHA BHeIIHel
cpeasty, ropopur lorens (1947), «crama obmepacnpocrpanenHoit gopmoit». flcno,
9TO JIJIA NapasNTUYeCKUX YepBell HACEKOMOSIHHIX, KaK M JJA GOJbLIMHCTBA Tapa-
3MTOB, CPeOil ABJIAETCA B HePBYIO oYepenb X03AMH. MemKy IapasuToM u X03AMHOM,
€CTeCTBEHHO, CO3JIAl0OTCA ONpefelieHHbIe oTHOeHHA. [Ipesne Bcero xossepa ABIA-
I0TCH UCTOYHUKOM IUIIM JIJIA CBOUX IIAPA3UTOB; II0ATOMY [APA3UTH, KAK U CBOGOXHO
HUBYIVE KUBOTHBIE, 00siafaoT GoJsblIeit MM MeHbILel CI0COGHOCTHI0 MPUHAMAThL
pasHylo nuiy. B 3aBucuMOCTH OT 5TOr0 1 APABUTH, U CBOGOJIHO KUBYIINE HUBOTHEIE
AeJATCA HA MOHO(AroB 1 mOJauQaros, T. €. HA BULH, clenududeckue B GOMbIIe MIn
Menbineit crenenn. Jlorens (1947) meawt B 9TOM CMBICJIE IAPa3WTOB IO CTEIEHH
Creun@UIHOCTH Ha IBe KATETOPHH: CTPOTO BIIOBYIO CIIELU(IIHOCTb U OTHOCUTEILHY 10
cnenUIHOCTL, KOTOPAs UMeEeT PA3HHIE IpeJlelisl.

1. Tlo Horesio cTporo BrIpaseHHON BU0BOI CHEIMYUIHOCTHIO XAPAKTEPUBYIOTCH
napasuThl, IPUCIOCOOJEHHBE NCKIIOYNTENbHO K OJHOMY BUAY XO3ANHA, KAKUMU
B HalleM cJlydae SIBJIAIOTCA ciaepyomue Bugwl: Ityogonismus talpae, Skrjabino-
merus petrowi, Choanotaenia filamentosa, Morganiella talpae, Capillaria talpae,
KOTOpHIE 10 CUX TOp OBLIM HalffleHH TONLKO ¥ KPOTa OOKHKHOBEHHOTO; jajiee BUIHI:
Vampirolepis scutigera, Choanotaenia hepatica, Longistriata didas, maiigenuble
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TOKA TOJBKO y OyposyOku oOnkHOBeHnHOI. JleHTouHHle ruucrh Vampirolepis tri-
dortophora, V. neomydis UaBeCTHH TONBKO Y KYTOpH H T. 4.

2. K kareropms OTHOCUTEJbHO coenuduyeckux mapasuroB [loreib OTHOCHT Bee
cayday (HecpaBHeHHO 0oJiee MHOTOYMCIEHHHE), KOTa IAPAsUT CHOCO0EH MCIIONb-
30BaTh OOJibllie, YeM OJHOTO XOBfIMHA. OTHM CJyYalm ABJIAKTCA NpeoONIafalomuMu
U y TapasUTHIECKUX uepBeil HaceKOMOARAHHX. OfHAKO OTHOCHTeJbHAA cHemuuy-
HOCTh 00JajaeT MBBECTHHIMH TPDAHHIIAMH: ) HEKOTOpHE IAPasHTH OKABHBAIOTCH
crenupMIeCKUMH A BUIOB OXHOTO POJA X03A€B, HAIP., Y HACEKOMOALHKX: COCAJb-
muk Panopistus pricei, denTounsie ramctht Soricinia diaphana, Soricinia soricis,
Neoskrjabinolepis singularis, Vigisolepis spinulosa, Choanotaenia crassiscolex,
nemaropa Longistriata cordus, KoTophe napasuTHpPYIOT TOJBLKO y BHOB pofa Sorex.
Jenrounne ramernt Staphylocystis jacobsoni um Staphylocystis loossi Onun moka
HalifieHsl TOJILKO Y BUAOB 3 poaa Crocidura. Ilapasutudeckue yepsn Rodentolepis
erinacei, Rodentolepis steudeneri, Mathevotaenia parva, Physaloptera clausa,
Crenosoma striatum, Eucoleus tenuis u Nephridiorhynchus major mapasurupyior
TOJBKO y BUOB U3 poAa Erinaceus n T. 1.; 6) MeHee cnenuduueckue napasuTsl MOTYT
pasBUBATHCA Y X08A€B HECKOJBKMX POROB OHOro ceMeiicTBa. Y HACEKOMOAXHHX
TaKuMH BufaMn Asasioresa: Staphylocystis alpestris, Vampirolepis magnirostellata,
Insectivorolepis globosa, 1. globosoides, Staphylocystis pistillum, Coronacanthus
polyacantha, Staphylocystis furcata, Anomotaenia subterranea, Schistometra
conoides, Panopistus europeus, Leucochloridium soricis, Synhimanthus rhobalo-
cephalus, Angiostrongylus soricis, Heligmonella jugatispiculum, Longistriata
depressa, Capillaria kutori, Capillaria petrowi u Centrorhynchus buteonis, koropsue
[apasUTUPYIOT TOJIBKO Yy POXOB M3 ceMmelicrBa Soricidae; B) eme MeHee cremufu-
YeCKMe HAPABHTH BCTPEYAIOTCA Y HECKOJBKHUX ceMelCTB OHOr0 OTPARA, HAND., BHAM
Staphylocystis bacillaris, Parastrongyloides winchesi, Physaloptera kotlani,
Tricholinstowia linstowi m Parrocaecum depressum napasuTupyioT y ceMeiicTB
Talpidae u Soricidae us oTpsAxa HACEeKOMOAAHHIX; T) HAUMeHee crienupUICCKIe BRI
NapasuTUPYIOT y BeChMa OTAAJEHHEIX IPYIII X08AeB. Y HaCEKOMOAMHLIX TaKNe CayJan
NapasuTHYECKUX YepBell BCTPE4aloTCA PeKo, HO M BAech MOKHO HAWTH HECKOJbKO
TAKMX NpuMepoB, Kak Buau: Plagiorchis exasperatus, Spirura talpae, Spirura
rytipleurites, Polymorphus minutus u Prosthorhynchus formosus. Hemarona
Spirura talpae nmapasurupyer y KporoB, HO GhuIa HalifleHa TaK:Ke Y KOIIEK, JHCHIL,
[ACIOKOB, T. €. y CHCTeMaTHYeCKH O4eHb OTHaJeHHHX rpynm. Tak:xe Hemaroma Spi-
rura rytipleurites Bogurcs y eselt, Komex, Jmcni, cobak, macioxkos u Kpuc. Poly-
morphus minutus napasurupyer y psi0, HO Tax;e y BOZOILIABAIOIIMX NTHI ¥ KYTOP
(pu6H — nTunn — u Maexonuraomue!). Homoukoromaossiit 9epeb Prosthorbynchus
formosus BogureA y nTui 4 y exeit. ONHAKO HeJb3A yTBEPAAATD, YTO TOT MJIM APYTOit
napasuT ABJSeTcsA HecnequUYIecKHM, T. e. YTO OH BOOOIIe He CBABAH ¢ KAKAM-
HUGYAb BMAOM MM TPYNHOH X08AeB: fA MORIEPKUBAIO, YTO KAMKbIA NAaPA3HT CBA3AH
¢ Ompe/ieIeHHEIM XOBAMHOM WM TPYHNOH X03feB, XaPAKTepH3YIOMUXCA B3AMMHOM
OKOJIOIMYECKOM 8aBUCHMOCTHIO. JTO He CIydaiHOCTh, 4T0 cKpeGenb Prosthorhynchus
formosus mapasurTHpyeT y esedl M JATIOB, HO He BCTPeUaeTcA y APYTUX XOBAEB.
He cayuaiinoers u To, 910 cKpebens Polymorphus minutus Bopuresa y pmiG, Bomo-
IVIaBAIOIMX ITAL ¥ KyTOp, O0beAUHEHHHX OOIIMMM MCTOYHMKAMM IMINM, U T. X.
Ws Guosoruy BHIIeHA3BAHHHX BHIOB X03fA€B ¢ IIEPBOro BSIVIAMA 09eBUAHO Impeobia-
Aaloliee sHAYEHME NUIHM, OOKIYHO OOMmell MM BechMa CXOMel Y TAKUX IPYHI X085€B.

ITpomesscymounvie xozsesa. V13 napasuTuiecKux depBeif HACEKOMOANHHX MBI HAIILIH
Y KYTOpH JINYMHOYHYIO CTaHuIo JeHTo9HOro 4epBA Dilepis undula, xoropmit xo cnx
nop Omi HaliieH ToubKO y GecmosBonouHHX (Geotrupes sp.). IlogoGuuM o6pasom
OB HalileHH JIMYAHOYHEE CTAJUAMU JEHTOYHHIX d9epBeli: Anomotaenia (?) leuckarti
y 6yposyGru o6nikHOBeHHOM 1 Schistometra conoides y cepoit Genosy6ru (Crocidura
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suaveolens). V 5TUX JBYX IOCJEIHMX BHUAOB 70 CHX HOP He OBLII U3BECTHH IIPOMEHLY-
TOYHbIE XO035eBa cpefu 0eCIO3BOHOYHHIX. TaK Kak BO BCeX CJIy4aAX pedb HeT
0 JIEHTOYHBIX YEPBAX IITUL,, MB CYJWM II0 aHAJOIMH, YTO Y BCEX BTUX BUOB OCYyIle-
CTBUJIOCH ITPUCIIOCOOJIEHNE K HENPUBEIYHOMY X03AIMHY (¢ 6e3103BOHOYHEIX HA TemJio-
kposHHX). Grassé (1935) mpemnaraer misa mapasuToB BTOr0 XaparTepa HasBaHUe
«le3epTUPH WK «IepebeKIMKI» M CUNTAET ITO SBJIEHWe MO3JHeilinell aparnranueii
NapasuToB K HOBOI rpynmne xosses. B cBoux paboTax s mpHCOeAMHACH K 3TOMY
B3rasany (1957).

Bo MHOrux cIy4Yasx OTHOCHTEJBHO cleludnuecKkyie MapasuThl ¥ OJHOTO 13 XO035eB
— TI8BHOTO, OCHOBHOTO — HAXOJAT ONpeflelIeHHEIE HPEUMYINECTBA B CPABHEHHU
¢ JIDYTUMHA M BCTPEYalOTCHA y Hero uamje. HiaccuyecKuM mpuMepoM MOMKET CILYHTH
senTounsii 4epsr Coronacanthus polyacantha, xoroporo mmt maum y 20 wkyrop
13 50 uccre0BABIINXCA, HO TOJBKO ¥ 4 Gypo3yGok 00bKHOBeHHBIX 13 305 uccieno-
BapumxcA. fI o6pAcHAI 310 TeMm, uro napasut Coronacanthus polyacantha skomnorn-
4YecKH CBA3aH (0Jiee TECHO ¢ KYTOPOil: Pa3BHUTHe STOTO MAPA3UTA OCYIIECTBIAETCS
B BONAHHX YJIEHNCTOHOTUX, ABIAIONIUXCA TJIABHON TMiIel KYTOPH, M B TeUYeHHe
HCTOPUIECKOTO PasBUTHUA CO3NANACh TECHAS CBA3b MEKAY IIAPABUTOM M XO3SMHOM.
1. Kak s umest Bo3MOMHOCTL HAOIIOATh, IPU ONIPEieJIeHHAX KOHKPETHHIX YCJIOBUAX
IIPOMCXONAT OIpPefieIeHHbe OTKJIOHEHNSA OT HOPMH, — OT CBASH TOJIBKO € OJHIM
xo3auHoM. B obmactu Jlymas, rie riaBHbii X03AUH (KYTOpPH) He OBLI HaieH, BUJ
Coronacanthus polyacantha Berpedaerca y GyposyOxn oObikHOBenHoi. [logoGubiM
HpuMepoM fABJseTcA 1 Hemaroga Thominx blarinae, kotopaa B AMepuxe napasu-
TupyeT y 3emaepoiiku Blarina brevicauda. ¥V Hac aToT Bup 3eMiepoiiku He BOgUTCA,
ogHaxko Bux Thominx blarinae mul Hamm y magoit 6yposyOku (Sorex minutus).
3necs cKasbIBaeTCA IIPeke Beero reorpadmndeckuit parrop. 2. Ha npumepe Haxomor
JstedToyHOTO YepBaA Coronacanthus polyacantha B Yeasaruoit (Beckunsi) y o6oux Bugon
X035s1€B IIPOABJAKTCA IIPOTNBOTIOJIOMKHKEC 9KOJIOTUIECKe COOTHOIIIEHUA, T. €. BeCbMa
TECHHI KOHTAKT MeRAY 000MMH BHAAMH X03seB (00muit 6uoron u o6muii UCTOUHUK
oy — Qopeabsa depma). AHAJOIMYHBIA ciydafl ONUMCHIBaeT TakiKe Opraprosa
(1955) y cocanmpmura Notocotylus noyeri y monesok B Tarpax. U3 Bcero smime-
CKABaHHOrO BHITEKAET, 9YTO CHeNUEUUHOCTL 3TO IOHATHUE OTHOCUTEJHHOE, COMep-
JMAHNE KOTOpPOro OO0YCJIOBIIEHO OIpefesIeHHBIMU TIeorpaduIecKMMHU W DKOJIOTH-
9eCKUMY J[AHHEIMU M ABJIAETCA UX HeIlOCPe[CTBEHHHIM orpamenuem. fl He coraaceH
¢ O0IIEeNPIHATHIM 00KIYaeM CYUTATh TNIaBHBIM X03SMHOM TOT BUJ, Y KOTOPOTO IIapasuT
OBl HalfieH BIepBHe (OTCIONA M BHITEKAJ PAX BUAOBHIX HAMMEHOBAHWII IAPa3UTOB,
XOTH YaCTO COOTBETCTBEHHBI XO3AMH KAK pa3 M He OBIBAJ UX INIABHBIM X03AMHOM!).
Haxoropeie aBropsl cu4MTaloT NApPasUTOB, PEAKO BCTPEYAOIUXCH Y W3BECTHHIX
X03f€B, — B 0COOEHHOCTH CHCTEMATHYECKH OTJAJEHHbIX, — caydaiiHeiMu. OgHaKo
He M3yYuB BCeX YCJOBUIl, 09€Hb TPYAHO PEUIMTH, AEHACTBUTEIBHO JIM STH HAPABUTHL
ABIAIOTCA CJHYYaiHEIMM, WM ’Ke B JAHHHIX KOHKPETHHIX YCJIOBUAX WUMEHHO 3TH
X035€eBa ABJAIOTCA AJIA HUX MCTMHHHMU (IVIaBHBIMU) Xo3sieBamu. Ilo Moemy MHeHMIO,
KKYIIAACA CIyJaifHOCTD ABJAETCH DKOJIOTHYECKOH HEOOXOXUMOCTHIO I BAKOHOMEp-
HOCTBIO (KOTOpasd B YACTHOCTAX IIPEACTABJIAETCA CIYYAHHOCTBIO, a npu Oosee yriy-
JIECHHOM M3Y4YeHWHU BHICTYIIAeT KaK 3aKOHOMEpHAA CBABB!). '

Tax rak ¢uoreHeTHyecKoe pasBUTHe X03AeB M IAPABUTOB K0 M3BECTHON CTENEHM
¢TabUINBMPOBAHO HACIeACTBEHHOCTBIO, OHO HeceT Ha cebe clefsl (uIoreHeTHIecKIX
orHomennii. Hak BEITeKaeT M3 BHIIECKA3aHHOTO, B HEKOTOPHIX CJYYafAX cHenufmy-
HOCTb CJIYKUT XOPOLIMM OPHMEHTHPOM I PACIOBHABAHUA cTelleHedl (HIoreHeTH-
UEeCKOr0 POMACTBA X03s€B. V3 BHILENPHUBEAEHHHX NPUMEPOB OYEBUHO TAKKe, YTO
60JBIINHCTBO BUJOB YePBeif HapasuTUpYeT ¥ CHCTeMaTHYeCcKN OJIH3KUX JPYT K APYTY
equHUN X03deB (ponroB). ( yBesnmdeHHMeM OTRAJIEHHOCTH CHCTEMATHYECKOTO POACTBA
(cemeiicTBa, OTPANBL M T. J[.) KOJUYeCTBO OOIIMX BIJOB IAPa3sUTOB YMEHbIIAETCH.
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Ilepexoj 11apasuUTOB K CUCTEMATHHECKH OTAAJIEHHEIM TPYIIAM X08€B OCYILIeCTBIIACTCH
10 HallleMy MHEHHUIO, TIOf BIMAHMeM usMefleHHil DKOJIOTHYECKUX YCJIOBUH Y X037€B.
Tax BOBHNKJO usBecTHoe mpasumiao Fuhrmann-a (1908, 1932), xoropoe B KaKNX-TO
npefiellax OCTABAJIOCh B CHJe TO OTHOICHMIO K IApAsUTHIECKUM UEPBAM ITHL.
Ilo pTOMY HpaBWITY, ¢Ka kA OTPA NTHI{ XapaKTepUsyerca CBOEH cnenu@maeckon
rebMUHTOPAYHOM, IPEACTABUTENN KOTOPOH He CIIOCOGHL apasuTHpOBATh Y APYruX
OTPANOB NTUIY. DTO IPABMIO, KOTOPOe A0 MBBECTHO!H CTEIleHM OCTAETCA B CHIE,
MHOTJ1a MEeXaHM4eCKM PacnpOCTPHANOCH HA BCEX I1apa3UTOB M MPUBOAMIO K oumub-
KaM, IpescIe BCero B CHCTEMATHKe, TAe OTAeTbHHE BUJH [aPasUTOB ONMCHIBAJIKCE,
raBHEM 00pasoM, N0 TPYNIAM X03seB, He Paccief0Bajach WX BCTPEUaeMOCTh
Y Apyrux X03s1¢éB 1 T. II. B03M07KHO, YTO HEKOTODEIE U3 9TUX 11apas3uToB cucreMaTH-
YeCK OTJAJeHHEIX X03f€B MHOTAA ABJIAIOTCA WJM CTAHOBATCA B NpOLecce AATbHEH-
1Iero PasBUTUA CAMOCTOATEJLHEIMH BUJAMU.

[poTue KoHIenuM: GUIOTEHETNIECKOr0 IeTEPMUHMEMA BHICTYIUI Jloreas (1947),
KOTOPEI OTMETHJI, 4TO COCTAB Ka<Iol mapasurodayHsr saBucutr oT pAaa ¢paxTOpOB.
K HuM oTHOCMTCA, pagyMeeTcs, U QuioreHes X03AMHA, HO OH He UIpaer pewmaomet
pOIM IpH BOBHUKHOBEHHH NApasWTOPayHE: OHMM U3 Hambolee BAKHHLIX CPein
MHOTOUHCJIeHHHX (AKTOPOB 3jech ABJAETCA COCTAB Iy, Hpome MHOTOIMCIEHHEIX
JAHHHX MHMpOBOfl JHUTEpaTypH, TOBOPALIMX He B I0Jb3Y IpaBUIa Fuhrmann-a,
a TaxsKe He B N0ab3y BaraAnos Eichler-a, HeckoabKO NOJOGHEIX MPUMEPOB NPUBORMT
Prumapmit (1956) aasa koxnuauit. B ¢cBoux npemsymmx paborax 0 mapasUTUIECKUX
YepBAX HACEKOMOAAHHX # OTMeYas] Npeoliajaiolliee 3HAYEHMe COCTaBa IWIW,
KOTOpOe CHOBA IOAYEPKMBAI M 3eCh. AHAIM3 CeNuPuIHOCTH NAPABUTATECKMX
gepBeit y HACEKOMOAHEIX CBH/ETEILCTBYET O TOM, UTO He CyIMeCTBYeT ¢uoreneTu -
4eCKOTO eTePMAHMBMA: MMEETCH MHOTO CTyIeHelt cueru@uaHOCTH — OT HECKOJIBKUX
CcTPOro crenuuIecKHX BUAOB TaPA3UTOB BILIOTH J10 BUI0B, BCTPETAIOIUXCH Y BECEMA
OTAAJIEHHHX TPy X03feB.

Pesrome

B cBoeit paGore s fawo anaaus cnemmduunocT! 64 BUIOB NAPA3UTHIECKUX gyepsBeil
y nacexoMosanux. Ha ocHoBaHMM COGCTBEHHHX gabmalofenuii A MPHXOMY K BAKIIO-
QeHMIO, 9TO CHeNU(PUIHOCTD NAPASUTHIECKUX YepBelt Y HACEKOMOANHKX BTO NOHATHE
OTHOCHTEJbHOe, OCTAIOMeecH B Cuile TIPH ONpefielIeHHHX KOHKPETHRIX 9KOTOTHICCKHX
yesopnsax. CnenuuyHOCTs NAPABUTA CHINKALTCHA ¢ IePeMeHaMN KUBHEHHHX yciioBmi
ero WM ero XossauHa (Wiu e ux o6oMX), TaK KaK OHM 06pasyioT efuHYI0 CHCTEMY.
Pemaromee 3Ha9eHNe S MPUAAI0 COCTABY IMINM XO3fAWHA, YTO # MOKAshHBalo B HA-
cTofmeldl cTaThe HA NpPMMEpPax HECKOJbKHMX BHJOB IApas3uToB y CHCTEMATHIECKU
BecbMa OTAAJIEHHHX Tpynn xoases. Ho A HICKOIbKO He YIIyCKAI0 W8 BIAY OCTAJILHEE
daxropet. [Ipn paborax mo cmcTeMaTHKe HEOOXOXMMO NOBTOMY YIMTHBATL BCE DTH
darrops. IMMyHonOrmIeckne GaKTOpH, BHAYCHIE KOTOPHX NO/(dePKRUBALT Myasman
(1954), A cuauTalo NPOABIEHUAMN BTOPUYHON ajanTauny, NONIMHAOINMICH APYrUM
3aKXOHOMEPHOCTAM.
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The Influence of Oecological Factors on the Specificity of Parasitic
Worms of Insectivora

J. PROKOPIC

Summary

On the basis of investigations carried out in 600 specimens of Insectivora from
10 species inhabiting Czechoslovakia, an analysis is made of the specificity of 64 spe-
cies of parasitic worms found in these animals. The specificity consists in the adapta-
tion of certain species of parasites to certain species of hosts which has developed
during their evolution: it is determined oecologically, is influenced by natural
selection and strengthened by heredity, as shown by Shulman (1954).

As seen in the parasitic worms of Insectivora, every species requires certain
conditions which ensure optimal conditions for life. Every species is naturally able
to exist even in the presence of a certain deviation from this optimum, which varies
a great deal with different parasites. For parasitic worms of Insectivora, as for most
parasites, the environment is in the first place the host. It is therefore natural that
a certain relationship exists between parasite and host. The host is primarily
a source of nourishment for the parasite: like free living animals, therefore, parasites
are also more or less able to take different food. Like free living animals, parasites
are also differentiated into monophagous and polyphagous species, i. e. species
which are specific to different degrees.

Specificity of parasites may be divided into two categories, according to Dogel
(1947): 1. Narrow specificity. This covers parasites which are adapted exclusively
to a single host, such as Ithyogonimus talpae, Capillaria talpae, Skrjabinomerus
petrowt, Choanotaenia fillamentosa and Morganiella talpae, which have hitherto been
found only in the mole. The species Vampirolepis scutigera, Choanotaenia hepatica
and Longistriata didas have so far been found only in the common shrew. The
tape-worms Vampirolepis tridontophora and V. neomydis are known so far only from
the water shrew.

2. Relative specificity: In accordance with Dogel, it covers cases in which the
parasites are capable of existence in more than one host species. Into this category
belongs the large majority of parasitic worms of Insectivora. Relative specificity,
however, has certain limits: a) Some parasites infest only the species of a single
genus, such as the trematode Panopistus prices, the tape-worms Soricinia diaphana,
Soricinia soricis, Neoskrjabinolepis singularis and Vigisolepis spirulosa and the
nematode Longistriata didas, which have so far been found only in the genus Sorex.
The tape-worms Staphylocystis jacobsoni and Staphylocystis loosi infest only species
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of the genus Crocidura, etc. b) Less specific parasites may develop in hosts of
a number of different genera of one family: e. g. Staphylocystis alpestris, Vampirolepis
magnirostellata, Insectivorolepis globosa, I. globosoides, Staphylocystis pistillum and
Coronacanthus polyacantha, etc. have been found only in the genera of the family
Soricidae. c) Parasites which are still less specific infest different families of one order,
such as Staphylocystis bacillaris, Parastrongyloides winchesi, Physaolptera kotlans,
Tricholinstowia linstowi and Porrocaecum depressum, which infest the families
Talpidae and Soricidae of the order Insectivora. d) The least specific species of para-
sites, which may be termed non-specific, infest widely differing systematic groups
of hosts, without making a deeper analysis. The above data, however, show that as
the distance in the systematic position of the hosts increases, the number of species
of parasites common to them decreases. In the Insectivora, the number of parasites
infesting distant systematic groups is very small and reflects the oecological relation-
ships of the hosts. For example, the nematode Spirura rytypleuritis infests hedgehogs,
cats, foxes, dogs and rats. The acanthocephalon, Polymorphus minutus infests fish,
water birds and also Neomys (fish-birds-mammals). The acanthocephalic worm
Prostorhynchus formosus infests woodpeckers and hedgehogs (birds-mammals).
It should be emphysized that every parasite is bound to a definite host or group of
hosts which are oecologically interrelated. Therefore the acanthocephalic worm
Polymorphus minutus is found only in fresh-water fishes, in water birds, and
from mammals in water-shrews. The common feature in this case is the
water environment in which the inter-hosts of the acanthocephalon live, many of
which are eaten by fish, shrews and water birds. Similar oecological relationships are
seen in other cases. The larval stage of the tape-worm Dilepis undula was found
in Neomys, although hitherto it has been described only from Geotrupes. The larval
stage of the tape-worm Anomotaenia ( ?) leuckarti was found in the common shrew
and that of Schistometra conoides in Crocidura suaveolens: these are thought to by
cases of late adaptation from invertebrates to vertebrates and are termed ““‘deserters”
by Grassé (1935).

In many cases, parasites with relative specificity have a definite preference for
a particular host, in comparison to others. For example, the tape-worm Corona-
canthus polyacantha, although found in the common shrew, occurred in only four out
of 305 specimens which were examined. In Neomys, on the other hand, it was found
in 20 out of 50. Further examples are given in detail in the text.

Since the phylogenetic development of hosts and parasites has to a certain extent
become stabilized by heredity, it bears marks of phylogenetic relationships and in
some cases, therefore, specificity may be a good guide in determination of the degree of
* phylogenetic relationship of the hosts. In our view, however, as with Dogell and
other authors, phylogenesis does not play the leading role. We are of the opinion that
many factors patticipate, among which oecological factors are of special significance
and the most important is the composition of the food. From our own material we
have come to the conclusion that specificity of parasitic worms in Insectivora is
a relative conception, which is valid only under definite oecological conditions.
Specificity of a parasite decreases with a change in its living conditions or in those
of its host, (or in both), as they form a single system.
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Passurne Touru pocra mpoca B ¢BA3M ¢ ero PoronepuogniecKoi
YYBCTBUTEIbHOCTHIO

©. CANIJIOBA u A. MAPTUHOBCKASA
Buonornueckuit uHcTUTYyT YCAH, dnsuonornsn pacrennti, Ilpara

ITocmynuao e pedaxyuio 27 XII1 1956

B cBoeit npejmecrBoBaBmei paGore (Popxaska, Mapruaosckas u Creiickan 1956)

MbI MCCJIETOBAJIN BOI

POC NMPOROJIKUTEIBHOCTA CBETOBOM CTai y mpoca Faﬂal.l[(aﬂ

Manna. OfHOBpPeMEHHO MH WCHBITHIBAIM W CPaBHHMBAJI Pa3JNIHbIE METONUKN (oTO-
NIepHONIECKOro ombITa. 3afaueil HacTOACH paboTel OBIO BEIACHHTH OTHOIICHHSA
MeKy CBeTOBOM cramuel, XxapaxTepusylomeiics ¢oromepuonugeckolt IyBCTBUTENb-
HOCTBI0, — Y Pa3BUTHEM TOYKU POCTa ¥ 006pasoBaHMEM CONBETHA. DTH OTHOLICHWS
MBI MCCJIEJIOBATIA TAKKe NIPH PA3JIATHON NPOAOIKRUTETBHOCTH [HA.
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Memodura

OnNBITH NPOM3BONUINCE B 10JIEBHX YCI0-
BHAAX, HA ONBITHBIX JeJIAHKAaX Buomoru-
dyeckoro mHcturyra YCAH B IHpare. Ecte-
CTBEHHBI JIETHUR TeHb Ciyxua 0Gpasiom
IVIMHHOTO IHA. HopoTkuit neHp Mel nmoay-
YaJu, NPUKDPHBAA ONBITHHE NEIAHKH He-
NIPO3PaYHBIMH MATEePYaTHIMK MOKPHIIKAMY,
B Teuenue omerros Mul NponaBoAKIN MEKpO-
MOPPOTIOTMYECKUI AHAIMB TOYEK poOCTa,
oueHnBasA $asy ux mopdosoruyecroro pas-
BUTHA TI0 LIKajJe. MBI OTMEYA U TeyeHHe
KOJIOUIEHNA OTHeNbHBIX BApHAHTOB. DTH
Mopdomoruueckue HabaIOAEHAA TpencTa-
BJIeHH Hamu rpaduyeckn (puc. 8).

Puc. 8. A — Passutne Touxn pocra mpu
KOPOTKOM (HpephBUCTafA JHMHUA) M IpH
AIIUHHOM fHe (cnaomHas aunus). Ock Y —
Mopdororuueckan $asa pPasBUTHA TOYKH
pocTa N0 1UKajie, IpPUBEIEHHONH HA puc.
1—7. B — KpMBasA MaKCHMAlbHBHIX U MH-
HUMAJBHHIX TeMmniepatyp (B °C). Beprtu-
HaJIbHEIE INHUM 0003HAYAIOT OCATKH (B MM).
C — mmEAMHMKA NPOLOKHUTENILHOCTH HH
(8 uacax). D — comHeuHbllt CBeT B TeueHne
OTIBITA (B Yacax).
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Ta6x. 1. TedeHne POTONEPHOANIECKOHR TYBCTBHTELHOCTH NIPH KOPOTHOM AHC

1
| Ycropenne
; Hoporkuit neHs Hoauuectso KOJOIEHNA
Bapuanr (BAHAX CO AHHA Hara JHeit co qHA B CPABHEHUN
. BCXOR0B) KOJIOIIEHNHA BCXOOB 10 ¢ KOHTpOJIeM MpH
| xomomeHns AJMHHOM [HE
| ]
1 24 1/VIII 42 0 [
2 2—6 31/VII 41 1 t
3 28 29/VII 39 3 !
4 2—10 23/VII 33 9
5 2—12 22/VII 32 10
6 214 21/VII 31 ‘ 11
7 2—16 20/VII 30 12
8 2—18 20/VI1I 30 12
9 2—20 20/VII 30 12
10 2—22 | 18/VII 28 14
11 2—24 i 18/VI1I 28 14
12 2—26 18/VII 28 14
13 2—28 18/VII 28 14
Kk (KOHTpOIB)
npH KOPOTKOM :
Aue) 2—30 18/VII 28 14
Kd (xkouTpoas
OpH STHHHOM
aHe) _ 1/VIII 42 —_—
i
Pesyasomamor

Uro6h BHEACHWUTH, KaK TOUKA POCTA Pa3BMBAETCA B TeYeHHe orana (oTonepuoxu-
9ecKO#M UyBCTBUTENLHOCTM NP KOPOTKOM ¥ IpW JUIMHHOM JHE, MEL IOCTABMIN
¢ coprom I'anankas Manna KiaccuiecKmit ¢oronepropmdeckmit onwr (T.e. mepe-
BOJMJIM OTHe]bHEE BAPUAHTH ¢ KOPOTKOTO AHA HA JUIMHHEIM), & TaKie JOTOJIHH-
TenpHHHA (OTONEPHOANIECKUH ONHT (T. €. MEPeBOAWJM WX C AOJTOro JHA HA KO-
poTKuit). ITM MeTONH NOAPOGHO ONMCAHE B pabore Top:xasku, MapTuHOBCKOM
u Crefickana (1956). Me:xny OTAeNbHEIME BapMaHTaMM MH [€Jajd ABYX[IHEBHEE
untepBasis. Koporruit Aens Onu1 8-vacosmit. B KadecTse AMHHOTO JHA MCHOXB30-
BAJICH ecTeCTBeHHHIH JeTHuit meHb. Tabn. 1 moxashBaeT AWHAMUKY (oromepuoau-
YeCKOH YyBCTBUTEJILHOCTH IPH KOPOTKOM (8-uacoBom) amme. IlpuBOAUM TOJBKO
JQHHHE 0 KOJOLIEHUH, TAK KAK PesyJIbTaTH MAKPOMOP(OIOrnIecKoro aHaIUsa TOUEK
POCTA OTBEYAJM TeYEHWIO KOJOIeHM:A. BapuaHTs, NPUBEJCHHHE B HIKHEH dacTH
TaGIMUIE, KOJOCHINCH ONHOBPEMEHHO ¢ KOHTPOJIBHHIMA PACTeHUAMU (mpH KOPOTKOM
nue). Mrax, mo ucredemwn 20-ro JHA OKOHYHJIOCH BpPeMA doToneproAMIECKON
YyBCTBUTEJILHOCTH IIPHM KOPOTKOM AHe. Yepes Hejemo Iocije BTOrO y pacTeHui,
COZiepHaBIIKXCA NIPU KOPOTKOM JiHe, HAYaJoCh KOJIOLIeHHME. Taxue e peayibTaTH
GRUIN IOJTyYeHH y 9TOro copra u B 1954 1.

PassuTie TOYKM POCTA IPH KOPOTKOM JHe NPOTEKAJNIO O09€Hb 6uicrpo (pue. 8).
B momenT oxonuaHHA (OTONEPHOAMIECKOH YYBCTBUTEIBHOCTH, T. €. HA 20-wiit meHb
[I0cie BCXONOB, B TO4YKe pocTa mmddepeHnupopaach yie oMOPUOHAIBHAA METEJKa
B 3 MM JUMHOH. B BepXHHX IBETKaX, KOTOpHe y mpoca GniBaior nanboJiee paspM-
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Ta6a. 2. Teuenne PoTonepuonnueckol YyBCTBATETHHOCTH IPY JTIAHHOM J{HE

‘ Yckopenue
Hoporkuit 1enn KRoanuectso KOJIOMIEHU A
Bapuanr (B mHAX CcO mHA ara oHell co qHA J B CpaBHEHUU
BCXOJ0B) KOJIOLIEHUA BCXOIOB 710 | ¢ KOHTpOJIeM I1pH
KOJOUIEHN A JIMHHOM JHe
- R
1 343 20/VII 30 12
2 5—43 20/VI1I 30 12
3 7—43 20/VII 30 12
4 9—43 22/VII1 32 10
5 11—43 24/VI1I 34 8
6 13-—43 24/VII 34 8
7 15—43 25/VII 35 7
8 17—43 25/VII 35 7
9 19—43 27/VI1 37 5
10 21—43 30/VII 40 2
11 2343 1/VIILi 42 —
12 25—43 1/VIII 42 e
13 2743 1/VIII 42 —
14 29—43 1/VII1 42 e
15 31—43 1/VIIl 42 ——
16 33—43 1/VII1 42. —
17 35—43 1/VIII 42 —--
18 37—43 1/VIII o 42 -
19 39—43 1/VIII 42 —
20 41—43 1/VIII 42 —
Kd (kourpons
IIPH IJIUHHOM
THe) — 1/VIII 42 -
Kk (ronTpoias
NpH KOPOTKOM
nie) 243 18/VII 28 14

v (Kymepman 1950—1951, Pocrosuesa 1950, 1951), yae $opmMuposamuch
Oyropku, OCHOBaHMA GYNYIUX THYMHOK (puc. 56, Ta6a. XVII).

Ha rabx. 2 mokasasa punammea ¢oromepmommaeckoit 4yBCTBUTEJIBHOCTH TIPH
€CTECTBEHHO [VIMHHOM NiHe. I3 xonia Komomenus OTAeabHBIX BaPMAHTOB BUHO, 4TO,
HAYMHAA ¢ 23-TO JHA IOCJe BCXONOB (HI/KHAS 9aCTh TabJaMIBI) PACTEHNUS yie He-
YyBCTBUTENBHH K NPOJOKUTEILEOCTH JHA.

llpu gnwaHOM fHe pasBuTHE TOYKM pPOCTA MPOTEKAIIO ropasao MeJieHHee, 4eM IIPU
KoporkoM. [fuddepennmanus nasamacy wepes 21 meHs mocae BeXomoB. B MomeHT
OKOHYAHUA (POTONEPHONUIECKON TYBCTBUTENBHOCTH IIPOXORUIIA nudpdepeHyuanusa
TOJILKO BeTOYek BTOPOTO [IOPAAK A & TNHA Beelt MeTesku cocrasisna 0,5 mm. Ha puc. 9
1 10 norasam pocT OTRENBHBIX BAPMAHTOB IIPH KJIACCHYECKOM M IpU  JOMOJI-
HureabHOM onkre. Hax um B 1954 r., npu y6opke mabmomadach Gonburas pasHuna
B pumHe pacrenmit. Yem Gompme GrI0 KOpOTHUX fHel, TeM GHicTpee mpoTexaso
PasBUTHE 1 TeM MeHbile GhiiM pacrenus. llamepenna pacreHuit Bo Bpema ¢oro-
TIepUOJIMIECKOrO OILITA IIOKABAJM, YTO B TeYeHHe dTama (OTONepUORMYecKOlt JyB-
CTBUTEJIBHOCTH HWJIM HEMOCPEeACTBEHHO IIOCJie er0 OKOHYAaHHA 5HTA PAasHUIA elle
He 3aMeTHa. BiusHMe npemuIecTBOBABIIEr0 BMEWIATENbCTBA HA POCT CKABAIOCH
TOJIBKO BIIOCJIEJICTBUM, II0CJIe OKOHYAHUA IPUKPHBAHUA PACTEHHUH, BO BpeMs U II0C/Ie
rosomenusi. llpuxprBanue Biuser Ha MOporenes TOUKM pocTa ele BO BPEMA HTAma
(oronepuoguuecKoi TyBCTBATETLHOCTH, KON IPH JIMHHOM AHE W 3aMel/IeHHOM
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passutun o6pasyercsa Gosiblile OCHOBaHUM JTUCTHEB, & BMeCTe ¢ TeM 1 Goubiite Gy Aymux
Mexpoysamit. Ho nposBATHCA BTa PABHMIA MOMKET TOJBKO B IEPUON POCTA MEHI0-
ysauit B gimHy (cTebseBaHnsA), KOTOPHIH y Npoca HAYMHAETCA TOJBKO MOCJe NpeKpa-
menns QoronepHogMYecKoii dyBcTBUTENBHOCTH. HpoMme O06ubulero wuciia JMCTheB
U MesKTOY8JIMM, pACTEHNsA, BHBE/leHHbE IPH JJIMHHOM JIHe, OTIMYAIOTCA TaKMe 60Jb-

urelf [IMHON MEMFOysJuit.

12 1

30.viu

g 14.vu

—————— ~= 2.Vl

Puc. 9. Brcora pacrenuit 0TAeIbHEX
BApHAHTOB INIPH IIOCTEIIEHHOM Iepe-
Xofie ¢ KODOTKOro JHA Ha JOIruit.
VsmMepeHMss NpPOM3BORAMIIMCEH B Teue-
ume arana PoronepuogNUecKoft uys-
creurenbHoc™™ (7/VII), nHenmocpen-
CTBEHHO YIOCIle MpeKpameHus Qoro-
nepuoxgnyeckolf UyBCTBHTEIbHOCTH
(14/V1I) u mocae yGopkm.

24

4
a 8 c

Puc. 11. Cxema doTonepnognyecKo-
ro ONHTa [JIA ONpefesIeHUA BIMA-
HMA PA3IHIHONK PO OHKUTENHLHOCTH
nHA. A — noaynaeHHH{ foTonepuon,
B — yrpennnit doronepuon, C — Be-
yepHuft GorTonepuox.

Jo.vw
121

a<

Qo
4
4
<
e

Puc. 10. Becora pacTeHmif OTAeJIbHHX BapHAHTOB IIPH

[OCTeNeHHOM TIepexofie C [AJMHHOrO JHA HA KOPOTKHiL.

Hamepenns IPOA3BOMIKCE B TeueHUe sTana oromepuo-

nmdeckoft wyscrBureasHoct (8/VII1), mepex npexpame-

aueM (oTonepHoAMUECKON UYBCTBHTENbHOCTH (14/V1I)
4 nociae y6opKu.

Yro6sl yCTAHOBUTH, KAK MPOTEKAET pasBUTHe
fIpu NpPyro¥ AJMMHe AHA, YeM NpH B8-4acOBOM,
MH IIOCTABUJIM ellf¢ OUH ONHT C JABYMA COp-
ramu: Panankoit Maunoi u CaparoBckuM, IOA-
Bepras ux Aeficrsumo 4, 6, 8,10 u 12-uacosoro
nasa. Kpome Toro Bee pacrenma Oniiim paspe-
JIeHH elle HA 3 TPYNNH: TPYHNOH BapHaHTOB
¢ yrpenrnM ¢oromepuogom (¢ 6 wacos), moiy-
JeHHHM (cepeiuHa MHA B NOJJEHb) U BedepHNM
(no 18 uacos). Cxema onmniTa gaHa Ha puc. 11.
JeficTBre ompefelleHHON IPOAOIKUTEIBHOCTH
AHA BaBHCEJI0 OT TOTO, B KAaKoe BpeMA [HA
pacTeHHA BHCTaBIAMMCh Ha cBer. Ta6x. 3 u 4
IOKABHIBAIOT, 9TO A 000MX COpPTOB Hamboiee
6IarOIPUATHHMY OBLIM NOJY/eHHHEH U yTPeH-
Huik Poronepmonnt. as copra mpoca CapaTos-
ckoe (Tabia. 3) mpu HoayAeHHOM (oromepuone
naunGosee GiaronpusAaTHEM okasaicsa 8- u 10-ga-
COBHI fieHb; 12-dacoBHt ORI yite CIHUIIKOM
JUIMHHBIM ; 6-9acOBHIl, — a B 0COOeHHOCTH 4-4a-
COBHIf, — TOKe MeHbIIe CIIOCOOCTBOBAJIM Pas-
BuTuo. OJHAKO Bce 9TH BAPUAHTH PABBHBAJINCH
GricTpee, YeM KOHTPOJIbHEE PACTEHUA IIPH eCTe-
cTBeHHOM MiuHHOM fAHe. IIpm yrTpennem ¢oro-
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Tab6a. 3. Passutie npoca CapaToBCKOro NpH PasIMYHON JAJTUHE [l

Pesyabrars Komanuyecrno VYckopenne
Iauna MUKpOMOpgo- AHEH CO JHA | B CpABHEHUU
Ipynna ag | °T — Ao} dormieckpro | Komomenue | BCX0R0B A0 | ¢ KOHTpOJeM
A AHATM3a KOJIOIIeHUA | IPU AIUHHOM
27/VI  30/V1 AHe
. e R R
IToaynenunrit !
doTonepnox & 10-—14 36 536 15/VI1I { | 3
6 9—15 4 6 11/VII &4 ] 7
8 8—16 5a 7 3/VII 36 15
10 7—17 560 7 3/VII 36 15
12 6—18 6 7 5/VII 38 13
YTpenunit
doronepuosn 4 6—10 | — 4 15/VI1I 48 3
6 6—12 | — 506 12/VII 45 7
8 6—14 | — 6 6/VII 39 12
10 6—16 | — 7 4/VII 37 14
Beuepuuit
doronepuoy 4 14—18 | — — noru61o
6 12—18 | — — 27/VI1 60 —9
8 10—18 | — 5a 12/VII 45 6
10 8—18 | — 7 6/VII 39 12
Kd (xonTposs —
AJIMHHBR TeHb) 20 30 18/VII 51
Taba. 4. Passutne npoca I'anankas MaHHA npu pasanunoff AjnHe JHA
Hoaugecrso Yoroperue
B CpaBHEHNH
I'pynna Jauna pug Or — no | Koaonenue n}if}?f)}fgn n;:)ﬂ ¢ KOHTPOJIEM
KOJIOIIeHNA TpHt JIAHHOM
oHE
1Tonynenusrit
doTonepnoy 4 10-—14 19/VII 52 —2
6 9—15 6/VII 39 11
8 8—16 3/VII 36 14
10 7—17 3/VII 36 14
12 6—18 3/VII 36 14
Yrpennnit
doronepnoy, 4 6—10 norutJo
6 6—12 8/VII 41 9
8 6—14 3/VI1 36 14
10 6—16 3/VII 36 14
Beuepnunit
doTonepuox A 14—18 noru6io
' 6 12—18 24/VII 57 —7
8 10—18 11/VII 44 6
10 8—18 3/VII 36 14
Kd (xontposs—
JJIHHHEIA TeHb) 17/VII 50
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Ta6a. 5. Passurue npoca I'anauxaa MaHua mpH o4eHb KOPOTKOM [(HE

|
PeayabTaTH MUKPO- | Komuuecrso | Yckopenue
moponoruyecroro THelt co AHsA |B CpaBHEHNH
JlauHA [HA oT — 710 aHAIM3a Homomteniie | BCXOXOB A0 | KOHTpOJEM
\ KOJIOMEHUs | TIPH JJIMH-
T 21/VIL 1/VIII | 110M JIHE
a l !
| \
2 7—9 l 1 uorudio
3 7—10 1 2a noru6ito
\ [/ 7—11 2a 50 19/VII1 49 3
8 7—15 30 7 4/VILI 34 12
t ,
l Kd (xoHTpoas
TIpH IITMHHOM
. nHe) 1 | 5a 16/VIII 46
|

nepuogie HauGoJiee OJIArOMPUATHHIM Obijl 10-4acosulit AeHb, 8-JACOBHIL e Ye
venbime. HanMeree 61aronpuaATeH A pasBATHA Bedepuuit goromepuo. Ilponece
PasBUTHA TOYKM POCTA OTAENBHHX BapuaHTOB CapaToBCKOro Ipoca, 1o CYUIECTBY,
OTBeYaJI MOPARKY KOJIOHMICHUA STHX BAapHAHTOB (raba. 3).

V copra 'anankas MaHHa MH NOJIyIMIN HECKOJBKO WHHE Pe3yJIbTaThH (rabu. 4):
9TOT YeXOCJHOBALKMA COPT OKasajcA MeHee NMPHCIOCOOJEHHEIM K KOPOTKOMY JHIO,
wem rpoco CapaToBCKOe: NMPHU MOy AeHHOM doTonepuone 12-4acoBnlii /IeHb OKa3aJICH
CTOJIb 7K€ TIPUIOJHEIM JJIA €r0 PasBUTHSA, KK 8- u 10-yacoBrt. Menpiie MOAXORMNII
6-4acoBHIli, a TIpN 4-9aCOBOM PACTEHHA KOJOCHIMCH [laze I08Ke, 1eM KOHTPOJIBHNE
npn pumuboM mHe. Ilpn yrpenHem m BesepHeM doromepmone 4-qacoBHIl BapHaAHT
morn6 B TedeHUe OMKITA, HE KOJOCHACH.

Yr06u MpOBEPHTh, KaK IPOTEKAET Pa3BUTHEe NMPH OYeHbL KOPOTKOM doronepuone,
MBI TOcTAaBWNIM ¢ copTom 'amankas MaHHa ele OfMH ONHT, BKJIIOYABIIAA, KpoMe
KOHTPOJIA TIPH ecTecTBeHHOM nHe, 2, 3, 4 M 8-vacosuit BapuaHTH. Hak BHIHO M3
1261, 5, KOHTPOJIbHHE PACTeHMA KOJOCUINCH ONATH-TAKW paHbINE, 9eM 4-yacoBHI
BApMAaHT, OIHAKO MPeJIecTBOBABIINA BTOMY MHKPOMOP(OIOTNIeCKUil aHAINS TOYEK
pocTa MoKasas, 94TO0 BHAYaJe PAsBUTHe MPOTEKAJNO mpH 4-gacoBoM JiHe OHICTpee, YeM
TIPU eCTeCTBeHHOM JJIMHHOM JiHe. 3-9aCOBHIl BApUAHT moru6 B camMoM Hagase nude-
pennuarnmu. Ilorn6 u 2-9acoBEIf BapMaHT, TOYKA POCTA KOTOPOro OCTANACH HE-
nudpdepenmuposantoit. [IPOROKATETLHOCTE OCBEIIEHNA OKASHBANA CYLIECTBEHHOE
BIMAHME HA POCT pacTeHuit, KaK BUNHO us puc. 4—6 (rabr. XVIII)n12, 13: npu oueHs
KOPOTKOM (OTONIePHOfe KOJIOCHIINCh PACTEHUA BCET'O IOIyTOPA CM B BHCOTY . Pocrupn
ompejieieHHOM (OTOTIEPHOSE B3ABHMCET OT TOr0, HA KAKOE BPEMA [HA MPUXOAMICA
“«AeHDbY.

Ilpu cBOMX OMHTAX MH yOeguuuch, 4ro mpoco I'anankas ManHa, nIpy KOPOTKOM
nepuone Bereranuu (ITerp 1953), oramdaercs CpaBHUTENBHO ROJroit CBEeTOBOM CTa-
aweit. Jlaxe mpu 8-9acoBoM JHe, KOTOPHI YCKOPAET TedeHHe CBETOBON CTaNU
B CPaBHeHMM C €CTECTBEHHHM [iHeM, sTal (OTONepUO[uIecKOl 4yBCTBATENLHOCTH
aTOTO copTa THAHeTcH A0 20-T0 AHA co AHA BeXof0B. Mecenoparenn, KOTOpHIe H3ydau
npyrue copra (Makcumos 1928, [loaryumu 1932, Pasymos 1930 u Szalai 1949)
YCTAHOBWJIM, YTO BTHM COpTaM TpebyeTca He Goee 10 kopoTruUX fHEH.

B peaxnuu mpoca CaparoBekoro n 'ananoit MaHHEL Ha pasIMIHbIe doTomepuoast
MOMHO OTMETHTL WU3BecTHyI0 pasHuiy: CapaToBCKOe HECKOJBKO (osiee KOPOTKO-
nHEBHO, 9eM Manna, Koropad Ha 12-4acoBhiff MeHR pearupoBaJia eme KaK Ha KO-
potrmit. CapaToBcKOe TaKe Jydllle TIePEHOCHIO 0YeHb KOPOTKUM [IeHb. OpueHTHMpO-
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BOUHLIE OIILITEI, C IIOMOLIBIO KOTOPHIX MBI XOTEJM YCTAHOBUTH IIPOXOIMMTEILHOCTS
$oronepunoguueckoit wyBcrBUTEIBHOCTH y ofoux coproB, He BHABHIM CKOJBKO-

HUOYb CyITecTBeHHON pasHUIE Memay °

nmu. Taxum 06paszom, nponomxuTeaLHOCTS

srana goronepuonuIecKoit 1YBCTBUTEIBHOCTH U NPUCIIOCOGIEHHOCTD K OIPeeIeHHO T

12 4

<1 |
Y 4y

|
——t —¥ —
& 810 12 6 8 10 6 8

AN )
[
~a
-
31

Puc. 12. Cpennas BeicoTa pacrenmii mpoca

Tanankas MaHHA NpH Pa3INYHOM MPOXOIKI-

TEIBHOCTH JHA (1ocie y6opku). Ciepa Hampa-

BO: KOHTDPOJIb IIPH €CTECTBEHHOM JHE, IIOJLy-

meHusifi Qoronepuon, yTpeHumit doTonepnox,
BevyepHMt Qoromepnox.
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Puc. 13. Cpeguaa seicoTa pacremnit npoca
CapaToBCKOro Mpy PasIHYHON TPOKOIKUTEIh-
HocTH AHA (mocuae y6opkm). CieBa Hampaso:
KOHTPOJIb TIPH €CTeCTBeHHOM [JIMHHOM JHe,
TOJIyeHHBI oTOTepUON, YTpeHHUH GoTo-
TiepHox, BedepHuit goromepunoy.

JUIIHEe JHA — BTO 7BA PasIMYHEIX Pakropa. B gureparype Bompoca wacro Berpe-
YAIOTCA JIaHHHEe 00 OTHOCHTENBHOH MPOXOIAUTENBHOCTH (OTOIEPHONMIECKOlH qyB-
CTBUTEJILHOCTH, IIOJIy4eHHHE IyTeM CPABHEHUS CKOPOCTH DPAsBUTHA PA3BHHX COPTOB
1pit KOPOTKOM M Tipu miauHHOM AHe (Pasymos 1954, Camuirum 1946), ogHaxo omu
He OTMEYaloT PaBHULE MMy [AJUTeNbHOCTHI0 (POTOMepHOAMIecKOt pearuu u npn-
CIIOCOOIEHHOCTBIO K ONPEAeIeHHON JIuHe [HA.

Mer npocnenunu passutue ToukM pocra. OKasamoch, 4TO K KOHIY 3Tana ¢oTo-
TIepUOMITIeCKOM 1y BCTBUTENBHOCTH TOYKA POCTa GrIBaeT yie sHaUnTENbHO Muddepen-
IMPOBaHA, B OCOOEHHOCTH €CJIM PA3BUTHE IPOTEKAeT NPH KOPOTKOM AHe. 06 0THO-
IUEHIH MKy OKOHYAHUEM CBeTOBOW cTaguu M (asoif pasBMTHA TOUKHM POCTA Cyie-
CTBYIOT IPOTUBOpeuMBLe MHeHUA. M nonpo6uo sanumaercs Mexopos (1953, 1954),
KOTOPHI JOKABHIBACT HA MIICHMLIE, 4TO CBETOBAS CTANA 3aKAHIMBACTCH ITeP e HAYAIIOM
iupdepeHnnanUm TOYKM POCTA, T.e. Tepey OCHOBAHMEM KOJOCOBHIX Oyropkos.
Mu npu cBoux paGorax BumesH, 9To y Ipoca doronepnogugeckas uyBcTBUTENABHOCTD
npexpamainack B (ase ropasjgo 6ojee BHAYNTENHHOTO PABBUTHA TOYKM pocra,
B IIep1o; OCHOBAHMS TRIYMHOK (puc. 56, Tabu. X VII). Otu pasHopeunsrie pesysibraTsl
TIOKA3BIBAIOT, 9TO OTHOIICHUA MeMy CTAMAHEIM PasBUTHEM U (A30BHIM PA3BUTHEM
TOYKM POCTA HE IOJLKHEL KT 00A3aTeIbHO ONUHAKOBEIME Y BCeX PACTEHUH 1 YTO OHU
o6ycaoBstensr 1 0co6eHHOCTAMEU MOpdorenesa couserua. QN ¢ PasIMYHOM MPOR0II-
RUTEJIbHOCTBIO OCBEIIeHMA II0KA8AJI, 9TO PasBUTHE TOYKM POCTA He JOJKHO COBIAIATh
¢ IOPAAKOM KoJomeHus. BrAcHMIOCH, 4TO Hamp., 4-9acoBHil NeHb yCKOpHeT pas-
suTHe npoca 'anankas MawmHa B Tex dasax, KOrjga — M0 JAHHEIM HAUIMX npej-
UIECTBOBABIINX ONLITOB — MPOTEKAeT CBETOBAA CTafMA, M YTO TOJBKO B 6oiee
NO3/IHUX (ha3ax IPU STOM CHIIBHO COKPAIEHHOM e IPOMCXOIUT 3a7ePiKKa pasBUTHA.
Ha ocnoBanuu 5TOro MoHO 6BIO GH BAKMIOYMTH YTO 110 OKOHYAHMH nepuona,
KOrJia 1poco TpefyeT KOPOTKOrO JHA, OHO HYHIAETCA CKOpPee B JJMHHOM JHE.
O HOROGHHIX WBMeHEHMAX B TPeGOBAHMAX 110 OTHOLIEHWIO K JUIMHE IHA Y 9yMushl
numer Tpycaxos (1955).
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Pesrome

1. B macrosmeii paGoTe ME McCJIef0BAJIM BOIPOC TpeKpameHus Qoromepuonn-
9ecKON UyBCTBHTEJBHOCTH, & TeM CAMbIM M OKOHYAHWA CBETOBOH cTajuu y mpoca
B CBA3U C PasBUTHEM TOYKH POCTA.

2. Mu mMceaeRoBaM IpoIece PasBAUTHA JBYX COPTOB IpOCa NPHM PasIHYHON mpo-
MOIRUTEILHOCTH JKHA.

3. HopTeepaniocs, 910 npH 8-9acoBOM AHE GOTONEPHOAUMIECKAA Ty BCTBUTEIBHOCTD
y mpoca lamankas MamHa B GIarONpHATHHIX YCJIOBUAX COXPAHAETCA BINIOTE 1O
20-ro gHA cO OHA BCXOMOB.

4. Tpoco T'ananxas Manna npucnoco6ieHO K HECKONBKO GoJiee JOJITOMY RHIO,
yem CapaToBCcKoe, 9T0 GHII0 0COGEHHO HATJIAXHO MpM 12- u 4-9acoBOM fiHe.

5. Ilpounecc puddepeHnuanum TOYKHA POCTa He ROJIHEH 00s13aTeJIbHO COBIAJIATH
¢ TIOPAKOM KoJlomeHuA: y upoca 'anankas Mauna 4-1acoBHii AeHb OKasaJjcAa Golee
GnaronpusATHHM 1A HuddepeHUManME TOYKH POCTa, deM €CTeCTBeHHEI (NIMHHEN)
leHb, OTHAKO JUJIA JajbHe!IIero pasBuTHA METEJIKU OH Gnist yre MeHee OiaronpuATeH,
TAK 4TO PACTEHNA KOJOCHJIMCH IO3[Hee.

6. K xomny srana ¢oromepmogndeckoif TyBCTBATEAbHOCTA TOYKA POCTa OnIBaer
y:Ke BHaYMTENbHO AupdepeHnMpoBaHa: eme N0 NpeKpalleHus ¢$oTonepuoguIecKoi
YyBCTBUTEILHOCTH BAKIRILBAIOTCA BETOYKM U IBETKH OyAyIle#t METEKY, & B BEPXHUX
IBeTKAX HAYMHAIOT yKe BAKJA/IHBATHCA THIMHKHU.
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Die Entwicklung des Vegetationspunktes von Hirse und ihre Beziehung
zur photoperiodischen Empfindlichkeit

F. SEIDLOVA und A. MARTINOVSKA

Zusammenfassung

Bei der Sorte , Hanackd Mana” wurde die Beziehung zwischen dem Ende der
photoperiodischen Empfindlichkeit (Lichtstadium) am kurzen und am langen Tag
und dem Grad der morphogenetischen Differenzierung des Vegetationspunktes
untersucht. Zum Zeitpunkt der endenden photoperiodischen Empfindlichkeit am
kurzen Tag (im Versuch am 20. Tag nach dem Auflaufen) war der embryonale
Vegetationspunkt zu einer 3 mm langen Rispe differenziert, wihrend sich in den
oberen Bliiten bereits die hiigeligen Anlagen der Stamina ausbildeten. Am langen
Tag (23 Tage nach dem Auflaufen) war die embryonale Rispe 0,5 mm lang und
zeigte die Differenzierung der Aste zweiter Ordnung.

Bei den Sorten “Hanack4 Mana” und ,,Saratovské” wurde auch die Geschwindig-
keit ihrer Entwicklung in verschiedenen Photoperioden (4, 6, 8, 10 und 12 Stunden)
bei Applikation zu verschiedenen Tageszeiten (morgens, mittags und abends)
beobachtet. Die Ergebnisse zeigten, dass bei der Hirse . Saratovské” vom Stand-
punkt einer schnellen Entwicklung am giinstigsten die acht- und zehnstiindige
Applikation am Morgen und am Mittag war. Auch bei der vierstiindigen Photo-
periode entwickelte sich die gepriifte Variante rascher als am langen Tag. Bei der
Sorte ,,Hanackéd Mana” bewihrte sich am besten die acht-, zehn- und zwélfstiindige
Photoperiode. Bei vierstiindiger Photoperiode erfolgte das Schossen der untersuchten
Variante spater als bei der Kontrolle am langen Tag.

Beide gepriiften Sorten wurden auch hinsichtlich des Grades und der Linge der
photoperiodischen Empfindlichkeit untersucht, wobei festzustellen war, dass fiir die
Hirse “Saratovské” der kurze Tag giinstiger ist als fiir die Sorte ,,Hanack4 Mana‘“.
Andererseits war kein wesentlicher Unterschied in der Linge der photoperiodischen
Empfindlichkeit zu bemerken. Aus den Versuchsergebnissen wird geschlossen, dass
die Dauer der photoperiodischen Empfindlichkeit und die Anpassung an eine
bestimmte Lénge des Tages zwei unterschiedliche Faktoren sind, die nicht mit-
-einander verwechselt werden diirfen.
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0. Hevac: THIauTCRIC KICTRIE APOIKIRCH. Tadn. NTIL.

Pue. 1. Napakrepupie JBOMHMC PHUANTCKHC KJETHH. BOKRpYr HOpMAJIBHLIC KICTKH APOsHLCH.
Veesmyerune 600 X . '

Puec. 2. Bropas U3 napsl THIAHTCKAX KJIETOK apoxoked. 3aMeTeH OOIBMIOH MHACKC NPCIOMICHIH.
Yeesuuenue 600 X .

Puc. 3. Turantckue KieTku skpyrioid dopmel. IlpocBersieHHe B 1IeHTPE — HE BAKYO/H, a ONTH-

geckuit 2G@PeKT, BEIBBIB MBI BBICOKMM HMHJEKCOM NDEIOMIIEHHA y KJICTOK. YBennuenue 600 X .

Pue. 4. IlyTeM NOYKOBAHWMA THFAHTCKAE KJIETKH uepe3 HECKOJIBKO resepalii 11peBpPaaTCs

B HOPMAIBHLIE IPOHGKH. M — MaTepUHCKAs PHTAHTCKAA KIeTKa. Hndpnl 06oanavaoT resepanny

RouepHUX Kietok. ¥YBeamdennme 700 x.
Pue. 5. 1ToukoBanme TUTAHTCKUX KJIETOK. XAPAKTeP I'MTAHTCKUX KJIETOK COXPAHACTCS B TCYCHNC
HEeCKOJbKNX Tedeparuil. ¥Yseaudenne 600 x.
Puc. 6. PHranTcKue KJIETKH U3 TOABEPraiouieiics aBToIndy Ky IbTyphl ApoiiKel. Hpyrimie KieTku
¢ IMI'aHTCKEME Bakyodsmu. Ysemudenne 1000 x.
Pitc. 7. ATHINYHOC TOYKOBAHNE MATAHTCKAX KIIETOR ¢ OMNONAPHLIME TouraMi. Vresnnyenne 900 x.
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O. Hewae: TiranTe ke wACTRI APOHGRED . Tador. N1V.

Pue. 8—10. JIBOUAKC FUTAHTCKHE KICTKHA. Oxpacka 10 Measreny. Tonbro ojina 13 KICTOK cojep-

#T A1p0. BOKPYT -~ 51/Ipa HOPMATBHBIX KICTOK, TAKMX KC PAAMEPOB, KaK NOKAAMBACT ¢ PABHCH HC.

I nocaie guicannn 3amMeTHa 30PHHCTOCTE CTPYKTYPH FHTFAHTCRNX KICTOK. Y Beiaumuenne 1500

Pue. 11. Ocobo xkpynmuas ABOHHAH THPAHTCKAS WACTHA ¢ OJHMM HAPOM. Ymeanucmne 1500 .

Puc. 12 m 13. Hauunacrest 0MKOBAHIC 0GCHX IHTAHTCRIX KJCTOR Maph. B Kauoil n3 Hinx yiRe

HAXOWTES AApo. HeGonbmme MOYKN HA CHIMEKAN BICIHB HCLOCTATOUNO OTUYOTIWRO. N B THUOHIIC
1500 > .
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J. Vavra: The Action of Streptomycin on Chloroplasts of the Flagellate Plate XV
Euglena gracilis Klebs.

e i

Figs. 1, 2, 3, 4 show cycle of chromatophores in normal green culture of K. gracilis Klebs (Mainx strain).

Fig. 1. E. gracilis from culture in stationary phase. Clearly visible oval or slightly lobular chloroplasts
lying upturned against the periplast. Light centres in chloroplasts contain pyrenoid.
Fig. 2. Same Euglenae as in fig. 1, after 48 hours in fresh culture medium. Chloroplasts have lost their
light centres and are more lobular. Division clearly discernible.

Fig. 3. Same Euglenae as in figs. 1 and 2, after 96 hours in fresh culture medium. Greater lobularity of
plastids discernible, absence of light centres with pyrenoids. Some chloroplasts still in process of division.
This state is maintained in the culture as long as growth continues.

Fig. 4. As soon as cultures reached stationary phase, light centres again apparent in chromatophores and

and culture approaches same appearance as in fig. 1.
Fif. 5. E. gracilis, Mainx strain, in light, 48 hours after transfer to fresh culture medium with 500 units
streptomycin/ml. Chloroplasts slightly smaller, some clearly in process of division.
Figs. 7, 8. Further progressive diminution in size of chloroplasts during growth in culture containing
streptomyecin.
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J. Pdawra: The Action of Streptomycin on Chloroplasts of the Flagellate Plate XVI.
Euglena gracilis Klebs.

Fig. 6. Further progressive diminution in size of chloroplasts during growth in culture containing
streptomycin.
Fig. 9. Plastids which have undergone degeneration and have accumulated in the area round the nucleus.
Fig. 10. Remnants of chloroplasts already very small.
Fig. 11. Last phase of loss of plastids. Only stigma and minute carotenoid granules preserved.
Photographed in “blue light”, in vivo, with a photographic attachment, imm. 100 <, ocular 10 . The
same magnification was used for all photographs.

Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500020-3



Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500020-3

@. Caiidaosa u A. Mapmurosckas: PasBuTie TOUKK POCTa Npoca B CBA3H ¢ ero PoTonepnondccKoi yyseTBurensnocteio. Taba. XVIIL

Puc. 1—7. Passurne Touku poera y npoca anankaa Manna. 1 — neandupepenuuposanHas Bepxyuika. 2a— Hauauo quddepenumauin

BETOUEK BTOPOro MOpAAKA. 26 — 3aKIaIEBAHHE BETOUER BTOPOro MOPAJKA. 33 — HAYANO 3AKAAHBAHUSA BETOUEKR TPETHEr0 MOPALKA. 36 —

OCHOBAHMA BETOYEeK TPEeThero MOPAKKA. 4 — OCHOBAHMA IBETKOB. 53 — HAYAJI0 3AKIATHBAHUA THYUHOYHBIX GYTOPKOB. 50 -— OCHOBAHMA

LBMHHOK., 6 — pasjieieHHe THMUHOYHEIX Oyropkospua Gyiviume nm puIbueBbie MemKH. 7 — (opMuposanue necruka. Howepa pucyiiion
oTBeyaloT MopolorneckuM $asaM TOUKH POCTA, UPUREIEHNHIM B TERCTe.
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. Caiidaosa u A Mapmunosckas: PasBnuriue TOURKH pocTa Hpoca B ¢Ba3im ¢ ero  Tada. NVITLL
POTOUCPUOIIICCKOME 1Y BCTBUTCIBLHOCTEIO

Pre. 2. Toura poera npoca CapaToBeKOro mpu ecrecTBeHHOM 10aroM He. doto 27/VI (Bospact
46 nmeit).
Puc. 3. Touka poeta mpoca CapaToBeKOro npu 4-4acoBom gHe (1eHn ¢ 10 10 14 vacon). ®oro 27/V1
(Bospacr 46 aueii).
Pue. 4—6. Buemnnii s pacrennii mpoca CapatoBCKoro npu pasananoii cune aust. Goro 19/V11
1955, 4 — noayennuii jotonepuod, 5 — yTpeHHmit Qoronepiox, 6 — sedepunit doromepuo,
K — KouTpoxs npH HOpMaIbHOM [LHE.
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